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This thesis examines architectural test-beds as an experirnental and
contemporary mode of creating architecture that realizes the potential of many of
the connections and complexities found in living systems. It builds on the lincage of
research from the Hylozoic Ground Environments and the notion of the chthonian,
embodying the potent, hidden, and essential ingredients oflife.! From the notions
of geotextiles and cyborgs, a new conception of architecture is uncovered at the scale
of material compositions, wearables, and tensile scructures in architecture. Aftera
survey of preeedents aswell as their concepts, design processcs, and cross-disciplinai‘y
inpucs, the thesis concludes with the design of an interconnected human body that
is, an expanded human physiology connecting l)ody, site, and surrounding structure
in the form of puhlie space in the alleyways of the North Point Lowlands, Hong
Kong, The design departs from the North Point Lowland’s reclaimed and constantly
rehabilitating site features to generate a coherent public space. The design proposal
utilizes bifurcative qualities found in living matter, solar energy, and physiological
processes to inspire a physical structure and its inhabitants. The design proposal is a
co—generated physical form arising from a moment offeeling peaceful and emergent
while experiencing the hybrid qualities of life in the alleyways of Hong Kong, North

Point.

1. Beesley, Philip, Rob Gorbet, Pernilla Ohrstedt, and Hayley Isaacs. “Introduction Liminal
Responsive Architecture.” In Hylozoic Ground: Liminal Responsive Architecture, 12-42.
Cambridge, Ont. Canada: Riverside Architectural Press, 2010.
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INTRODUCTION
FVIERGENT HYBRIDITY

This thesis is built upon three arcas of rescarch regarding the potential for an expanded
human physiology in architecture.

The Chthonian, Will of Soil. [Fig. 1.1] New carthly, unseen, and
remediating qualities are explored in the design process for creating architectural
space. In the process, different intcrprctations of dark soils (potcnt, hidden, and
essential ingredients of life) are considered.'

Living Concepts and the Vital Energy of Earth. [Fig 1.2] Casc
studies and film prcccdents are presentcd that deal with spf:ciﬁc constituents of
living systems. Included are examples of architectural test-beds in living architectural
systems involving geotextiles and cyborgs.

Spatial Syntax, A Resonant Gathering. [Fig. 1.3] A design project
ofa co-generated public space is presented based on numerous factors, including
inhabitant needs, the built environment, dark soil considerations and the site itself.
The projectis sicuated in the North Point Lowlands of Hong Kong, alocation dccply
tied to the roots of its urban fabric. The North Point Lowlands presents a case study
inwhich architecture is generated in conjunction with the continuing process of land
reclamation, community building and the preservation of natural resources in the
ongoing dcvclopmcnt ofHong Kong [sland.

Together, these three areas of research provide a basis for establishing a deeper
connection between human and architecture, bringing together deeply scattered and

incoherent clements evident in today’s 21* century socicty. [Fig. 1.4]

THE CHTHONIAN, WILL OF SOIL

There is a new conception of architecture, and it brings to light lively qualities of
the Earth and acts in conjunction with existing urban fabrics. Itis seen in the design
of the Hylozoic Ground environments, and their designcrs act much like alchemic

architects who liberate attributes of the material world> They are in pursuit of the

+ 7 - “tou ji” Will of Soil
Running script in black ink by
author.

f- means earth, dust, clay, local,
indigenous.
= means idea, meaning, thought,
to think, wish, desire, intention.

|4 )

Hi4%, - dei hei” Vital Energy of
Earth

Running script in black ink by
author.

#i means earth, ground, field,
place, land.

5, means qi, vital energy.

A

PEI/E,\ - “noi hap”

Resonant Gathering.

Running script in black ink by
author.

N means inside, inner, internal,
within, interior.

£ means combine, unite, join,

gather.

(Facing page) New Shelters for the
Body by author, photo montage
(2017)

[Fig. 1.1]

[Fig. 1.2]

[Fig. 1.3]

[Fig. 1.4]




chthonian, deep underground carthen layers that are waiting to surface.” Beesley's
musings on the chthonian reveal the origins of architecture in cultural history

as being attributed to primitive carthen huts that mend the wilderness. From
Lucretiuss attention to subtle bifurcative qualities of matter there is renewed

power in the notion of gcotcxtilcs. The Hylozoic Ground environments cxploit

this, and so gcotcxtiles not only support the formation of synthctic l:lyers of carth,
organic growth, and take-over of land, [Fig, 1.5] but also new spatial relationships that
influence cognitive, psychological, and physiological conditions of the human body,
its expandcd spatial boundaries. [Fig. 1.6] The notion ofa geotcxtilc isan analogy
applied to built structural works that communicate, from the bottom-up, with the
carth and other living tllings torcacha generative process in dcsign.7 There are new
dcsign possibilitics afforded from discoveries and inspirations from Sccmingly hidden
phenomena in nature. Thus, the following rescarch adheres to the line of reasoning
guiding the Hylozoic Ground environments l)y uncovering similar metabolic
processes and ingrcdients of dark soils and then proposing new types of connective
systems involving inhabitants, architecture, and surrounding environments. In other
words, architecture can become a gcotcxtilc, such that dcsigncd built environments
are co—gencratcd with many constituents of living matter. Architects now the have
refined ability to syntlicsizc surrounding environments with physical form, expression,
and the human l)ocly to create new scructures for inhabitation.

Dcparting from the lincagc of the Hylozoic Ground environments, the
proposed projectat the end of the thesis questions and responds to how architects
can dcsign co—gcncratcd environments by uncovering new scales, potcntials, and
applications of dark soils. These new architectural conditions allow inhabitants to
align with the powers of the carth more naturally. The significance of investing in that
which allows the carth to exist s paramount, for without our only home, we lose the
primal scnsibility to live morallyl This design trajectory is also evident with the works
of contemporary designers, artists, architects, and collaborators who are concerned
with living matter and are currcntly practicing this aspiration in the profcssion of
architecture. The following rescarch shows that there is architecture that exists in the

realm of alchemy, imagination, and affective magic.

LIVING CONCEPTS, VITAL ENERGY OF EARTH

In tandem with the chthonian, a question arises: what kinds of dark soils directly
influence the human l)ody? [Fig. 1.7] The dcsign proposal reveals that thcy could
create crucial connections with the carth and influence sociopolitical issucs important
today. Thus, there is potential in the notion of the cyborg, an interconnected body,
worl<ing togcthcr with new constituents of living systems, new material dcsign
processcs, and material influences. Itis important to note that several constituents of
living systems are often not associated with classical understandings of architecrure.*
Today, living architectural systems lic in the realm of physics, clicmistry, and biology
and so this thesis recognizes the potcntial of cross—disciplinary influences on the

profession of architecture. There are physical architectural test-beds, experimental and

3

Haystack Veil, Maine, Philip
Beesley Architects Inc. (1997)
Haystack Veil is the construction of
synthetic ground and the building
of hybrid layers of artificial soil.

Sentient Chamber, Washington,
D.C., Philip Beesley Architects
Inc. (2015)

According the Colin Ellard, the
Human Experience stream leader
at Living Architecture Systems
Group, Sentient Chamber allows
him to observe changes to one’s
psyche, body and immediate
surroundings.

(Facing page) New Shelters for the
Body by author, photo montage
(2017)

[Fig. 1.5]

[Fig. 1.6]

[Fig. 1.7]




contemporary modes of creating architecture, that can realize the potential of many
connections and complcxitics found in living systems. For Cxamplc, movements
observed at the scale of atoms become inspiration for architectural space; and

so, Lucretius called these movements the clinamen, the unpredictable swerve of
atoms.” Its transposition in architecture would yicld liVing qualitics, and one could
say that these are elcctromagnetic forces that create patterns, radiuses, orientations
and directions of shapes, lines and masses in nature that are then used to influence

10112 Jenny Sabin Studio saw the potential of proto-parametric fabric surfaces

dcsign.
to directly capture these subtleties in Lumen'’s architectural surfaces. In this case,
textiles, through warp and weft, could generate extremely sensitive, lighe-weight,

and paramctrically influenced material surfaces. [Fig. 1.9] Another cxamplc of
cross-disciplinary pursuits in architecture is seen with Paz Gutierrez and her research
with BIOMS (Bio Input Onto Material Systems). Her rescarch is about materials
dcsigncd at the scale of their chemical compositions to become Ccologicaﬂy adcpt.“
[Fig‘ 1.9] From the arrangement of materials at the nanoscale, these materials can save
energy, biodegrade, and have low embodied energy just like phenomena observed

in natural materials. Furchermore, the thesis presents rescarch that prioritizcs
intcrrclating material networks in construction and dcsign processes to c:mbody, as

wellas give full potential to, carth’s energy.” [Fig, 1.10]

| EEEEE B

W4

EWELL

BIOMS research into mixture
sucrose PMMA panel protoypes

(Below) Proposed canopy section
inspired by sun patterns of
spring, the flow of heat energy,
rhythms of the human body and
tensile structures formed by
electromagnetic forces of the site

[Fig. 1.8]

[Fig. 1.12]

[Fig. 1.9]

[Fig. 1.10]
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SPATIAL SYNTAX, RESONANT GATHERING

Architecture has always been influenced by the human body. Space was
designcd in proportion to the human body torcacha highcr state of consciousness.
After all, it is due to the belief that the human body was created in the image of
God.* Today, architects design for a changing twenty-first century socicty, such that
the human body is no longcr a prcdcﬁncd f:ntity.l'7 However, in the 15¢th century,
dcsigncd—built environments in Western architectures are believed to have allowed
one to become more alive or, better yer, to fully realize the potential of life on carth.
Leonardo da Vini's Vitruvian Man (1490) embodies the relationship between
bodily proportion and surrounding space. Ie displays two supcrimposcd bodies,
one with arms raised and legs apart, the other with arms open and legs together. [Fig,
1.11] At the same time, the body is inscribed within a pcrfect geometric circle and
square, which raises a connection of divine order in the universe with the human
body, proportion in harmony with spatial gcometry. Morcover, traditional Chinese
medicine understands the human body as a flow of qi /%:L through meridian points,
objcctivc entities in the human body that correlate to viscera.!* Through meridian
points, thereisa primary flow of qi ’fn rcsponsiblc for vegetative capacity to function
asan organ or tissue.”” The flow of qi /‘fyindicatcs the presence ofa living system, so

tending to meridian entities and external influences can change ies flow.™ [Fig; 1.12]




Together, Renaissance architects, as well as builders in the Eastern world of the 15¢th
century, practised and designed an architecture that reflected a relationship between
spatiai composition and the human body to attain synchronicity with the rhythms of
divine order.

Historicaiiy, architectures for spirituai worship were particuiariy granc]
examples that exercised a reiationship between the built environment and the divine.
Architecture in this case would not oniy provide sheleer from the elements, effectiveiy
keeping the exterior our, the interior protected, butalso guide methods of spatiai
arrangement that enabled the hody toattaina deeper level of spirituai consciousness.
Asseen in Leon Battista Alberti's Sant Andrea, (1472-90) [Fig. 1.16] in Mantua, itaiy,
this structuraiiy monolithic 15th Century church presents the belief that the human
body, created in the image of God, could reflect divine and cosmic order within a
buildings plans*' The church’s plan is ordered and arranged to reflect proportions of
the human body, with the human head in piaee as the altar, the torso as the crossing,
with a tower aiiowing iight to enter, the arms as the transepe, and iegs and neck as the
nave. [Fig‘ 1.17] There were certain cosmoiogicai reiationships embedded with the
construction of these buiidings, hringing their inhabitants closer to God? In Eastern
architectures, huildings like the Tempie of Heaven revealed a spirituai platform for

communication with the heavens.?** The Circular Mound Altar consists of a circular

(Left) Canopy and column
rendering at dusk

(Centre) Wearable energy
harvesting suit deployed in
alleyway

(Right) Tensile column structures
inspired by natural rhythms of the
body

Interior view within Sant’ Andrea
(1472-90), Leon Battista Alberti

a7 !
Hu(man) inscribed within
architectural drawings

[Fig. 1.13]
[Fig. 1.14]

[Fig. 1.15]

[Fig. 1.16]

[Fig. 1.18]

[Fig. 1.19]

Circular Mound Altar, 1530, built
by the JiaJing Emperor and rebuilt
in 1740

Interior view of reading space and
book stacks of the Bibliothéque
Nationale de France, 1854

platform on three levels of acoustically fit marble stones. Used by the Jialing Emperor
to pray for favorable weather, this spatial arrangement ampiiﬁed spoken thought

to the sky” Material quality and a tuned positioning, where the emperor would
stand, presented a harmonious piati'orm. [Figililg] In the same tone, architecture

of the Beaux Arts period reflected a decorative style of floral patterns and fauna.
Architects like Pierre- Francois- Henri Labrouste designed buildings such as the
Bibliotheque Nationale Paris during 1858-68. The reading room, comprised of thin
one-foot diameter columns, and terracotta domes, allow for ample iight to enter. The
architecture embodies functional and decorative aesthetics found in nature such that
the columns were as sensibly and eiegantiy thin, justasatree would be, to perfectiy
supportits own weight and allow one to read under it, as in a forest.” [Fig. 1.19]

The examples mentioned above reveal deeply engrained meanings in
architectural space and artistic sensibilities in history. They indicate reiationships
between the human hody, nature, and the divine, wich spirituai space for prayer, by
aestheticaiiy enhaneing one’s connection to the divine realm or by injecting the
natural sensibilities with technoiogy and the forest. Sedentary architectural spaces
form much of our built environment today, however, its consistency in heauty and
elegance is not. Today‘ huilding types of the suburban ideal, pencii tower cubicle

farms and shopping centres alike, are simpiy, rigid mediators of the environment. So,
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itis necessary to transcend Vicruviuss notion of firmitas, the imbued sense of firmness,
solidity, stability, strcngth and matcriality.lé There is potcntial for architectural space
to do more by mcdiating human experience with concepts cxplorcd in this thesis.
These include different scales and proximities of material qualities and inceractions,
prosthctic enhancements to the bocly, ubiquitous and anticipatory information,
artificial intclligcncc and automation, self-maintenance, the use of sound, and
distancing the mind from the body. Beesley refers to the latter of the dichotomy
asdew drop spaces, spaces thatare compriscd of interiors and exteriors, contrast,
reduction and equilibrium.” [Fig, 1.20] [Fig, 1.21] Architects can regain agency in
the profession and propose connective spaces and surfaces on top of existing urban
fabrics. [Fig. 122]

Given the bcauty of the architecture of historical antiquities, we should
continue to experience the said architectural spaces and allow them to influence our
bodies. Soitis important to now ask: what can the architecture of tomorrow do for
the carth and its pcoplc? What are the conditions in which architecture can allow for
the remediation of the human body and its surrounding environmentas if the carth
were an cxpandcd human physiology functioning in harmony with new sensitivities

for the 21st century?

W e

Diagram of dewdrop vs snowflake [Flg. 1 .2()]
architectures. The dew drop

speaks of interior and exterior

environments, contrast and

reduction. The snowflake is about

inclusion.

Interior view of Oceans, Nuit
Blanche , Toronto City Hall, Philip
Beesley Architects (2016)

[Flg. 1.22] (Below) Aerial view of proposed
canopy membrane engendering
the possibility of interaction in a
seemingly inert and decomissioned
portion of North Point, Hong
Kong

A PROPOSAL IN NORTH POINT, HONG KONG

Aftera survey and an analysis of precedents, as well as synergizing conceprs,
dcsign processes, and cross—disciplinary inputs, the thesis concludes with a dcsign
proposal fora public space to be integrated within the urban fabric of Hong Kong
asa type of land remediation. It continues the process of land reclamation on the
island and fosters a way for pcoplc interact with the site on a multi-communicational
basis. The project is meant to be a thoughtful addition to the North Point Lowland
alleyways, accempting to provide a moment of synergy between the study arca and
its inhabitants. The goal is to create a more inclusive, connective, and sensitive space,
functioning asa hcaling tabric accomodating citizens and existing communitics.
The design proposal is achieved after an investigation in tensile structures. It realizes
the potcntial of various qualitics of spring—tirnc and the flow of heat throughout
the day in the buile environment. Other site influences include the pereeption of
clectromagnetic forces throughout the site by translating these attractions and
rcpulsions into paccerns, radiuses, orientations, and directions of shapcs, lines, and
masses. The act of pereeiving these forces is embodied and cxprcsscd ina sculptural
form. The design proposal is the formation of a new type of architectural membrane
that brings to light a pcrccivablc combination of self and surroundings that

approaches an unrestrained form of being,
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(Above) Lumen, MoMA PS1, YAP,
New York, USA, 2017

[Fig. 2.1]

[ il i

i

Jcnny Sabin Studio is rcscarching to further the dcsign of buildings by integrating certain natural elements within the context of
conventional design approaches. The studio questions how natural organisms, as studied in biology, integrate with their surrounding
environments. This becomes a valuable prcccdcnt in designing for the built environment as it addresses how muitiplc iiVing things
can become a coherant whole. Their rescarch points to methods that, from the bottom-up, integrate a vast number of site variables,
such as sun aceributes, the movement of people, or aspects of the human body to magnify the potential of their interactions in
dcsign. Lumen by]cnny Sabin Studio secks inspiration from textiles, as a proto—paramctric and gcncrativc approach in constructing
architecture, and also from the cross—poliination of knowlcdgc between bioiogy and architecture, making Lumena paradigm for

architects to consider constituents of dark soils.
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MOMA PST, Y.AP

[Fig. 2.1, Fig. 2.2, Fig. 2.3] Lumen by Jenny Sabin Studio was selected as the
2017 winner of the Museum of Modern Artand MoMA PST's Young Architects
Program fora clcsign proposal ofa temporary, outdoor pavilion that providcs shade,
seating, and water whilst working within guidelines that address environmental
issues, including sustainability and rccycling. This project also supports Warm-Up,
aplatform for DJ'sand musicians in MoMA PST’s concrete bordered courtyard.
Further, it will serve 40,000 visitors day and night over the course of the hortest,
sunniest, and most bustling months in the city. It does so with co-produccd textile
canopics, tensile structural supports, water cooled micro-climates, and robotically

assembled and recyclable seating,

LUMEN'S ARCHITECTURAL COMPONENTS

The courtyard is covered with two architecturally scaled canopies made of
knit, light-absorbing textiles. A tensile canopy topography distributes forces to
the concrete walls where it is anchored inplacc. The canopy consists of hundreds
of cells called knit windows and cones that provide shade and a swaying dynamism

bClOW. Visitors play, touch, and Si& through thC SOFE structures WthC thcy can

(Left) View of knitted deep [Fig_ 2.2]
windows and textile canopy from

interior

(Right) Aerial view of MOMA [Fig_ 2_3]

PS1’s concrete courtyard, textile
canopy, and structural tensile
towers

[Fig. 2.4]

[Fig. 2.5]

(Centre) Axon drawings of
robotically woven recycled and
cnc’d spool stools that were
constructed in-house

Historical textile artists and
printmakers include Anni Albers,
Gunta Stolzl, and Lilly Reich,

who have integrated tapestries,
vertical curtains, codes and
patterns with modern architectural
space-making. Image above is the
interior of the Silk and Velvet Café,
a collaboration between Mies and
Reich.

also sitand relax. There are two 35-ft. tall tensegrity towers that support the largcr
canopy and a 24-fr. call tensegrity tower for its smaller canopy. A misting system is
strung throughout the canopy, providing a cooled micro-climate in spcciﬁc areas

of the courtyard. Visitors can cool down from the summer heat or sit and hang out.
Complcmcnting the canopy structure, the towers, and misted micro-climate zones
are rccyclahlc, thrcad—spool stools that are robotically assembled and tensioned with
photo luminescent micro-cord. The stools are marked with unique letters made of
hydro—chromic ink [Fig. 2.4] and can be rcarrangcd o convey messages within the
misted zones of the courtyard. A beautiful space is gcncratcd from the bottom—up,
influenced by pcoplc, the site, and the best in local, global, live, and electronic music
every weekend. At the end of the day, bioluminescent fabrics interwoven within the
knit windows and cones create an illuminated space thatis occupiablc well into the

night.

TEXTILES
Texctiles mal(cup the principal macterial system of Lumen. A textile is not only
a physical material but also understood as a spcciﬁc clementin crafc making and

dcsigning. Sabin’s carly lincagc of research in textiles suggests its roots are in the
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Bauhauss textile workshops in the 1930s, which were prcdominantly occupicd by
women.! [Fig. 2.5] The practice of weaving is said to be fundamental to parametric
dcsign, since weaving is influenced by color, pattern, line, and surface, thus forming
one of the carliest modes for producing complcx material surfaces? Taken bcyond
its mctaphoricai meanings as Cxprcsscd in the patterns and colours prc:valcnt in 1930s
modern art, it exists as a complex, scalable material process in architecture.?

In Lumen, weaving, mathemarics, and music are dircctly correlated, such that
weaving can be described asa simplc binary system with the capacity to producc
complcxity like that described by a Fourier series. [Fig. 2.6] For instance, sin- and
cosine waves, warp and weft: both add togethcr, producing complcx frcqucncies
and surfaces. Jean-Baptiste Joseph Fourier (1768-1830), a French mathematician
and scientist, more or less, initiated an invcstigation in quantum mechanics with the
Fourier series. The Fourier series can be applicd in dcscribing quantum phcnomcna
as pursued in the field of physics today. Louis de Broglic (1892-1987) in his PhD
thesis in 1924 proposcd that all matcer has wave-like propertics, and from Fourier’s
transform method.” one can decode and understand complex frequencies of sound as
individual components of simplc waves. Foilowing this, physicists could understand
quantum mechanics as theorized by Heisenbergs Uncertainty Principle® (1927)
(Unschirferlation or Unsharpness Relation). This theory states that every particle can
be observed by its position and momentum, much like sound and frcquc:ncy. Thus,
the Fourier Series in dcsign allows for hidden and subtle phcnomcna found in nature
to permeate architectural material processes like those found in living systcms.7 In
architecture, site parameters, inhabitants, and the ccosystem are capablc of bccoming
decoded and then interwoven in the production of bottom-up architecture,

integrating an immcnscly sensitive material surface in the process.

NIKE FLYKNIT COLLECTIVE

Lumen’s woven designs incorporate data extracted from inhcrcntly invisible
phcnomcna of our daily surroundings. ]Cnny Sabin drew inspiration from her
collaboration with Nikes Flyknit Collective, which logged essential data from athletes
to robortically knit together enhanced shoe uppers. The Nike Flyknit Collective is
the combined rescarch of programmers, engineers, and designers, including Jenny
Sabin overa span ot four years. A singic thread is all it takes to bcgin construction of
ashoe upper with enhanced structure and durabilicy. Flyknit technology, compared
to traditional leacher or polyurcthanc shoe material, providf:s improvc:d ﬂcxibility,
brcathabiiity, and wcight reduction, all in one material. This material system
allows shoes to be highly customizable to the sizes of athletes and type of activity
undertaken. The mode of production also reduces material waste of the traditional
cut-and-sew process by anaverage of 60 per cent, saving many kilos of material from
reaching landhills*[Fig, 2.7] This, in turn, inspires the tensile windows and tubular

structures that comprise the entire canopy, resulting ina co—gcncratcd textile steered

with human bio-data. The fabrics were machine-knit wich “WHOLEGARMENT”
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[Fig. 2.6]

Shown above, the yellow wave is a
complex frequency with alternating
air pressures over time. A Fourier
Series is the represention of the
yellow complex function as a sum
of simple sine waves seen as the
colored waves below it.

[Fig. 2.7]

Nike Flyknit technology used to
construct this shoe upper
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by Shima Sciki with the knit fabrication process customized to incorporate patterning
that translates human bio-data into hole and striation pacterns of fabrics.[l:ig. 2.8]
[Fig‘ 2.9] The materials include three responsive fibres: pboto luminescent, solar
active and reflective. With the weaving of different types of fibres, cach textile can
rcspond to different types of stresses and strains, external influences like light and
water absorption, or rcﬂcctivity and color. Counter to expectation, the holes knitted
into Lumen’s surfaces provided additional scructural support, thereby corresponding
human bio-data with architectural form. Sarah Bonnemaison reinforces the notion
of textiles by stating that its potential canbe drastically Cxploitcd inimmersive
environments and at scales of the human body” By adapting clothing, furniture, and
the built environment, textiles can become communicative devices chat facilicace
pcrsonal expression, as well as multi-point communication between individuals and

groups."”

PART-TO-WHOLE RELATIONSHIPS

Textiles feature part-to-whole relationships, complexity building, and emergent
behaviour, tlicrcby privilcging textiles as a biological process in nacure. Architecture

informed by biological models in nature is not new. Advancing from Buckminster

(Previous facing page, top) [Flg. 2.8]
Machine woven cells and units that

compose Lumen’s fabric canopy

made with WHOLEGARMENT

elements fabricated by Shima Seiki

(Previous facing page, bottom) [Flg. 2.9]
Programmed patterning that is

read by sewing machine; striation

patterning and dots correspond to

individual stitch type

[Flg. 2. 1()] (Below) Site section, including
space for Warm-Up festivities and
Lumen’s canopy and tensile towers

[Fig. 2.11]

LabStudio’s Branching
Morphogenesis project (2008)
utilized 75,000 zip-ties to scale and
materialized force networks of five

different time frames

Fuller's notion of biomimicry where crystals and rock structures inspired che
production ot his crystallinc structures, the notion of biosynthcsisll proposes that
functions and cell behaviours in biology can influence a context-driven architectural
form with additional layers of information that approach natural living systems. [ Fig,
2.1 0] Biological cells interact with their environment, indicating dccp interior logics
of nature. A study of cell networks by Donald Ingbcr, a biocnginccr, proposcd that
there are mechanical forces exerted over individual molecules, cells, whole tissues,
organs, and organisms.ll His stucly prolifcratcs into a model of ccosystems and their
influences over spatial environments at the scale of individual cells and pcrliaps living

architectural systems.

CELL BEHAVIOURS: NETWORKING
Jenny Sabin and Peter Lloyd Jones of LabStudio examined endothelial cells

(EC) to illustrate context-cell nctworl(ing and at the same time, context-driven
architectural form."” ECs are cells that line blood vessels and the lymphatic system in
the human body. Their project, Branching Morphogenesis [Fig. 2.11], studied ECs
as the basis for forming an architectural scale membrane. While studying ECs, tlicy

observed their sensitivity to fluid shear scresses thac trigger cbangcs inacells sbapc. To
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study ECs they observed them in-vitro, in other words, test-tube-like environments.
An extracellular matrix (ECM) of intcrioci(ing mesh of fibrous proteins and
polysaccharides was simulated so that the area outside of cells could be used to help
observe and determine causal and networking relationships of dynamic cell systems in
real time. Thus, ECMs mapped changing positions of ECs so that sccmingiy invisible
force networks exerted on cach cell were made tangible over multiple time sheets. ™
[Fig. 2.12] The movement of ECs discovered in Branching Morphogenesis presents
a pedagogicai shiftin understanding, such that biologists and architects can observe

motility and cell movements in living systems from temporal actributes.

ARCHITECTURAL FORM: CELL SITES

Foilowing onthe capabiiitics afforded by observing cellsin ECMs,a digitai
algorithm called a Voronoi Shape Diagram, named after Georgy Voronoi (1868-
1908), can be used to represent proximity information about a set ofiobjects or
points.” In Lumen and Branching Morphogcncsis, the translation of knit-windows
and EC sites respectively [Fig, 2.13] allow for the construction of an architectural
surface that is embedded with invisible force networks. Each site of ECsis

translated with a rcady»madc zip-tie with zip-tic joints at cach normal to compose

. Grove Cones - 21 cells (2% of canopy)

. Misting Cones - 40 cells (4% of canopy)
Non-Misting Cones - 185 cells (18% of canopy)
Deep Windows - 340 cells (32% of canopy)

. Windows - 469 cells (44% of canopy)
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[Fig. 2.12]

Time slices are moments of
endothelial cell activity cultured
within a specialized extracellular
matrix that can suppress or
promote networking

(Left) Production plan diagrams [Flg. 2.13]
used by fabricators to identify

and locate knit elements to form a

larger fabric canopy

[Fig. 2.14]

[Fig. 2.15]

(Centre) Exterior view showing
canopy illuminated at night;
lighting is programmed to
highlight music, and also
strategicaly positioned around the
courtyard while on digital timers to
simulate day-to-night sequences

(Right) A network of molecular
filaments that act in tension
extending from extracellular space
to the DNA via cytoskeleton.
Cytoskeletons give cells its shape
and help organize cell parts

while also providing a basis for
movement and cell division

its architectural surface. Lumen’s canopy is very mucha iight catcher as well as an
cxtcrnaiiy influenced surface oi"sceiningiy invisible forces such that its Voronoi Shapc
Diagram canopy providcs it with a tuned marerialization of densities of bodies,

heat, and sunlighc." Much like each site of ECs mentioned above, each canopy knit
window represents a site that embodies the solidification of a paramctricaiiy and
externally influenced parameter like an organism such thacitis influenced by the sun,

as well as its site, materiality, program, structure, and physical participation. [Fig, 2.14]

LUMEN AS ORGANISM

Building on the coherence of topological and material components mentioned
above in Lumen, one can paraiici Lumenasan organism with coherant tissue that
includes its surounding microenvironments. Lumen’s tensile force network can be
cxprcsscd as scuipturaiiy representative forces in cell networks. Buckminster Fuller
believed that tensegrity structures contain a system ofencrgy—creating space thatis
notstatic.”” Itis possible to see Lumen asa cytoskeleton of a cell. [Fig. 2.15] Acthe
nano-scale, tensile filaments within cells mcciianicaiiy aidin siiapc deformations to
produce observable changcs to the cells.”® Cells sense and feel chemical forces with

the aid of different proteins that are responsible for sending signals out from or within
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the cell, structuring and anchoring and separating tissues within an ECM. These
tensile filaments are in constant communication with their surroundings and enact
the functionality of the genome, the central motor of cells, with all the information
needed to build and maintain an organism.” Lumen’s three tensile towers are the
primary structural supports dcsignccl to communicate with the surrounding canopy
structure. [Fig. 2.16] Thcy allow flows present within the courtyard space to permeat
across it. Moreover, a similar analogy of the influence of seemingly insivible force
networks can be seen in pi'c«sti'csscd foces thatactin conjunction with their intended
loads. Similarly, the tensile towers in Lumen are dcsigncd with foces that actin
conjunction with their inhabitants and the charged spatial environment tha it spans.
A tensile structure has the capabilitics to communicate with its entire environment

much like the cytosl{clcton of living cells, giving shapc and coherence® [Fig. 2.17]

LUMEN'S KNIT FABRICS

The complexity of human bio-data incorporatcd in Lumen’s knit fabrics,
consisting of part rcgular yarn and photo-lumincsccnt yarn, reveal interior logics
associated with human physiology. The human bio-data corrcsponds to three types
of yarns used: plioto—lumincsccnt yarn, which absorbs UV light and glows in the
absence of it; solar active yarns that change colour in the presence of bright sunlight,
and reflective threads that providc bursts ol'—liglat. The threads can amplify the hidden
structures of the unseen human bio-dara, allowing the textiles to become strategically
paired with external influences such as the time of day, the amount of artificial or
natural light, and the light givcn off by inhabitancs. The timed rcvcaling of colour, the
production of colour, or the reflection of it, is, in away, the production of structural
colour™ such that, in addition to color pigments, structural colour can, atca nano-
scale, interfere with visible light to producc avisual phcnomcnon found in buttcrfly
wings, pcacocl( feathers, or soap bubbles? The scructural colour of buttcrﬂy wings
at the nano-scale indicates a geometric and structural influence on the observable
procluction of colours that manipulatc light and create paccerns ol'—bcauty.l} This
notion of a nano-to-macro gcncratcd patterning due to cach individual knitced thread
is central to the production of Lumen’s bioluminescent surfaces. [Fig, 2.18] [Fig, 2.19]

[Fig, 2.20]
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(Facing page) Axon and [Flg. 2. 16]
orthographic drawings of tensile

tower bars with platform where

people can stand and gather.

Steel was fabricated by Jacobsson

Carruthers, and are secured in

tension by ropes and canopy net

[Fig. 2.17]

Form finding logics of canopy
structure. Top to bottom, anchor
points located, gravity and material
loads applied, solar study info and
cell shape and finalization

[Fig. 2.18]

A microscopic view of a butterfly

wing composed of nanostructures
that bounce light back at the blue
wavelength

(Left) Interior view at night of [Flg. 2.1 9]
smaller 24-ft. tower. UV and black
lights shine onto tower and canopy
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A PEDAGOGICAL ADVANCE

The cross-pollination of knowledge between biologists and architects by
LabStudio initiated dialogue that created pedagogical advances twofold. The first
advancementis in the architectural craft of constructing a context-driven architecture
from inspirations in cell behaviours. The second advancement can be seen in the
darascts of biologists, where spatialization and visualization of data presented
bioiogists with new realms of inquiry. Cell behaviours such as their movements could
be named, and a spatial form language could begin to be recorded as alanguage to
inform biologists in their rescarch. LabStudios rescarch in, for example, the surface
cif:sign of mammary giands asamodel of architectural connectivit)r” indicated a
contextual information that influences surface structures of mammary gland cells.
This, in turn, could aid architects in the design of shell or spatial structures wich

. . . 25
mnterior structurai bChaVlOU.i‘S.'j

TRAJECTORY
MoMA PS1’s 2017 Young Architect Program winner, Lumen, is a project

ciiargcci with many of the hidden iogics that approach iiving systems in nature. The
orchestration of space in conjunction with MoMA PSI's courtyard, summer festivi-
ties such as \X/arm—Up, its textile macerial system, and resonating knowicdge between
biology and architecture produces a space that generates complexities found in nature.
In other words, it can be said that Lumen is a construction of a geo-textile, a space that
not oniy reinforces the grounds that it encompasscs, but cngendcrs the possibility of
life. We can see Lumen hciping to create a world where its constituent parts allow ar-
chitects, designers and scientists alike to approach constantly improving acts of com-
posting, expericncing and creating. From Lumen, one can inherit a sense of optimism
from collaboration with other fields as well, aiiowing one to design space with renewed

sensitivity to a changing 21st Century environment. [Fig. 221]
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[Flg. 2.2 1] Aerial view of canopy during the
day with different knit cells types
and openings visible -




AUTONOMOUS
& THE CY

CY « BORG - noun [sahy-bawrg]

a: An expanded body occurring mechanically and)/or bio-mechanically with
enbanced abilities

b:A person whose p@uio/ogz’m{ /imc‘[ion is aided @y or dc’pmdc’m‘ upon a
mechanical or electronic device

¢ Short ﬁ)r Q/bwnetz'v wgmzzjm.

In 1960, Manfred Clyncs and Nathan S. Kline coined the term cyborg asa bcing
with both organic and biomechatronic body parts that guidc and assistin a journcy
through outer sp;ngLz Its definition can be rcadily understood as a biomechanical
robot body or body parts that cybemetically serve the human brain, such that ics
parts enact functions of human physiology like brcathing, muscular maintenance,
and cardiovascular control’ Donna Haraway suggested that Clynes and Klines
notion of the cyborg canbe seeninan cntirely new light in that the constituent
parts of cyborgs are neither mechanical, electronic, nor organic,4 Rather, Haraway
saw Cyborgs as bcing without prcconccivcd notions of class, race, and scxuality“’
Haraways definition saw cyborgs through a psycho—social lens, such that cyborgs are
blurred and reinvented bcings who no longcr function within a hierarchal society, an
unsuppressed being of the world.™* Similarly, Bill Mitchell applied the notion of the
cyborg in the context of architectural space making. He theorized that structures of
human rclationships will changc in the digital age; urban realms would become soft
cities, and spaces of gathering would become electronic agoras.” A short time later,
Haraway would posit that her cyborg definition must evolve from a psycho—social
standpoint of the unsuppressed human to the cyborg» chthulucene,'” a more inclusive,

rcsponsiblc, and Earthly bcing crucial to the survival of the planct.” The notion of
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(Facing page) Human, cyborg:
Human-computer/ artist/ writer/
shamans/ scientist, Lynn Randolph
(1989)

[Fig. 3.1]
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the architectural test-bed approaching iiving systems realizes
these aspirations.ll Moreover, there is potentiai in another
scale of the architectural test-bed conjured by the notion
of the cyborg mentioned above. The cyborg (a cybcrnctic
Cxpiorcr of‘spacc,” unshackled citizen," interconnected
scholar’® and creature of the wild'® can be consolidated
asaset ofknowicdgc and methods for undcrstanding the
mysterics ot human life. The notion of the cyborg isa
spatial and architectural relationship between humans and
universe, nature and pcopic, to achieve a harmonious and
compicmentary realm. This rciationship can be Cxpiaincd
in three different facets of interaction with surrounding
space. Firstiy, cyborgs can interact with surrounding space
by coupiing their body with artificial extensions such as
prosthetic limbs, breathing devices, and vision correctors,
etc. [Fig. 32] Thcy can also interact with surrounding space
using their psychc, which can be seen with the use of brain
wave controllers, media, or programmed air. [Fig, 3.3]

Finaiiy, another type of interaction with surrounding space
J <

(Left) Powered Arm Prosthesis Race, Cybathlon (2016), [Flg 3_2]
ETH Zurich/ Allessandro Della Bella

(Right) Brain-Computer Interface Race, Cybathlon (2016), [Flg 3'3]
ETH Zurich/ Allessandro Della Bella
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exists wherein the body’s surroundings consist of oscillating
ampiiiications and reguiations by wearable devices inciuding
micro- and nano- structures that allow users to engage with
various clements of their environment,"” %1 2“[Fig. 34] In

: 21
cssence, filC CybOl‘g 1S an autonomous bOCiy.

THE MACHINE FOR LIVING

The notion of human interaction aided by artificial
extensions is not new, as previously introduced in Clynes
and Klines' cyborg definition. It can be seen in architectural
and costume dcsign of the modern era?* This notion was
pursued by R. Buckminster Fullerand Le Corbusier™ The
Dymaxion House (1933) was dcsigncd for specific inhabitants
and programmed spatial functions as an extension of the
body. This notion was defined by norms, types, and standards
so that space could also be reproduced, duplicated, and
mass-produced.” Modulated and cconomically efficient
spatial compartments allowed Fuller to pursue a Universal

Architeciure (1932) that can provide iiving space to anyone

(Facing page) Tatlin at Home, Raoul Hausmann (1920)[Fig_ 34]
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and anywhere.™ Dymaxion House is a mobile house thatadapes to nomadic lives of
pcoplc by incorporating spccific spatial dimensions that simplify quotidian tasks.[Fig.
3.5] Similarly, Le Corbusier envisioned cities with primary infrascructural and service
routes such that a town would have machine-like qualities™ The city, as well as human
body, could be rcgulatcd and controlled in terms of traffic flow and movement
rcspcctivcly. He applicd these organizational undcrstandings to city planning and
architectural dcsign. Efticient flows and patterns of movement could be securitized.
These pursuits would resultin Le Corbusier's manifesto of the Five Points ()/Hrtbz’mmre
(1926)" and Guiding Principles of Town Planning (1925), which described standards
forimproved quality of living and city functioning, [Fig, 3.6]

THE TECHNOLOGICAL BODY

Oskar Schlemmer designed costumes that changed the appearance of the
human body so that it could be camoul‘lagcd within the political beliets of the
era” Schlemmer’s costume designs transformed the wearer's body into socially
and technologically enlightened beings. His costumes incorporated basic three-
dimensional geometry, as worn in his ballet production, the 7riadic Baller (1922).
[Fig. 3.7]The dcsigns were non—rcprcscntational and geometric forms of the
human body. Schlemmer and other prominent artists at the time, like Kazimir
Malevich (1878-1935), [Fig. 3.8] communicated their art work with meta-physical
representations oflife on Earth? It can be said that these gcomctrically tormed
costumes, in Sclhemmer’s ballets, produced an agrecable life view with its audience, by

transccnding human form into simplc forms to illustrate all of life’s necessities. This

33

(Left) Dymaxion House (1946)

construction section

(Centre) Circulation Types, Le

Corbusier

(Right) Oskar Schlemmer’s
Triadic Ballet Costumes (1922)

[Fig. 3.8]
[Fig. 3.5]

Airplane Flying by Kazimir
Malevich (1914). The supremacy
of pure feeling or perception,

the Airplane Flying is a surface

that is given life through spatial
configuration.

[Fig. 3.6]

[Fig. 3.7]

12

VR

CIRCULATION

LES CROISEMENTS

political anxicty, stabilized by avoiding religious references, reinforced Schlemmer’s
costumes and works. Thcy became socially and tcchnologically lil)crating costumes

ancl artworl(s fO[ tl]C pCOPlC Ol:tl]C cra.

PERSONAL BUBBLES OF THE TWENTIETH CENTURY

During the mid-Twenticth Ccntury, there was growing anxicty due to the
proliferation of suburban housing, This initiated discourse that responded with
new kinds of interaction between the human psychc and surrounding space. The
rcsulting architectural dcsigns consisted of new public spaces and highly pcrsonal
spatial designs. Archigram aspired for social interaction unimpeded by the
built scructures of the past by creating projects with mega-structures and largc
communication nodes"  Archigram’s “Walking City”(1964) and the Plug-in City”
(1964) [Fig, 3.9] introduced transportable environments, time capsules, in buildings
and rcconﬁgurablc spaccs, all of which could be pluggcd into a city. By Ne) doing,
the spaces were not location dependant, and mega-structures of these machines
were devoted to continual circulation and expanding boundaries of inhabicable
spaces. This was accomplishcd with variable scructures, mobile buildings, and
information networks to move bcyond traditional urban lifcstylcs.32 The largc—scalc
communication terminals created a space to gatlicr, meet, and experience variable
media within their spaccs.33 The laceer half of the Twentieth Ccntury saw wearable

architecture influenced by hcightcncd consumerism, nomadism, and individualism.**

The wearable architectures seen in Haus Rucker Co’s pneumatic air structures.

[Fig. 3.10] Michael Webbs Suit-a-loon (1967), 3 [Fig. 3.11], and Reyner Banham and
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Francois Dallegrecs Anatony of a Dwelling (1965) [Fig. 3.12] totally disregard the
suburban ideal of a pcrsonal villa?” Rather, these visions were mobile and nomadic
homes pacl(aged tor inhabitants such that space was now a highly individualized
pcrsonal climare. Spacc Wwas now a tempcrature-rcgulatcd environment with a thin
membrane Cncapsulating different air mixcures for new feclings in spalccs.38 Similarly,
Michael Webbs Swuit-a-loon oftered mobility comparcd to the traditional suburban
house. With a skeletal support system, the building would also carry appliances and

pcrsonalized apparatuscs fOf entertainment.

NEW MATERIAL INFLUENCES OVER THE BODY

The last set of prcccdcnts indicate materials that can generate oscillating
ampliﬁcations and regulations of data or environmental elements that hold new
potcntial for architecture. These new materials exist at different scales of influence
in not only architecture, but also over the human body. They also provide new

capabilitics for architects and dcsigncrs to design ccologically adcpt macterials”?

emcaaton lbes. 3
Thoca monceal B cranevway Peayy duty radway 10 rraserium orculabon aeea
wad  Blocal palkng 14 'oxal goods sorbng 1Denviiorament Seal

SLERY LOOS S 505  LShopuils  Scompound unit SRops
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(Left) Typical Section, Plug-In [Flg. 3.9]
City, Archigram (1964)

(Centre) Laurids, Zamp and Pinter [Flg. 3. 1()]
with Environment Transformer

(Flyhead, Viewatomizer and

Drizzler)(1968)

[Fig. 3.11]

[Fig. 3.12]
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(Above) Michael Webb’s Suit-a-loon (1966) featuring
deployable suit and entertainment system. The suit can also
connect to other suits for a gathering space.

(Below) Reyner Banham and Francois Dallegret’s Anatomy of
a Dwelling, illustrating the bare bones of dwelling; consists of
membrane wall, and HVAC system for climate control.
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along with their inherent material networks that far outperform traditional materials,* allowing for the formation of new human

physiological,41 and mcta—physical connections to Farcth.? We can see new material influences in architecture in several cxamplcs
suchas IwamotoScott Architects Jellyfish House [Fig, 313, Faulders Studios Chromagenic Dwelling [Fig, 3.14], and Joel Sander’s

Mix House. [Fig, 3.15] Furthermore, new scales of material influences over the human body can be seen in Lucy Orta’s deployable

clothing [Fig. 3.16], Adafruit Industries' and Leah Buechley’s wearable architectures [Fig. 3.17], and also active outdoor gear. [Fig,

3.18] Finally, the rescarch of Paz Gutierrezs BIOMS presents unseen connections to living systems at new scales of physical

intervention. [Fig. 3.19] [Fig. 3.20] [Fig. 3.21]

[Fig. 3.13]
[Fig. 3.14]
[Fig. 3.15]

[Fig. 3.16]
[Fig. 3.17]

[Fig. 3.18]
[Fig. 3.19]
[Fig. 3.20]

[Fig. 3.21]

(Top left) Rendered skin detail of the Jellyfish House (2006). Image displays the mutable layered skin or deep surface that
mediates internal and external environments. It deforms in thickness locally for geometric, structural, visual, and mechanical
performance.

(Top centre) 3-D Printed model of Chromogenic Dwelling (2005)

(Top right) Mix House by Joel Sanders Architects (2006). Image displays the control centre of the house, capable of managing the
sensory experiences of each room.

(Centre left) Lucy Orta’s Refuge Wear - Habitent (1992-1993)

(Centre)Circuit Playground by Adafruit Industries; a development board with microprocessors that are Arduino-compatible for
DIY electronics projects

(Centre right) Active outdoor gear with backpack, sleeping bag, clothing, shoes, accessories, etc.
(Bottom left) Paz Gutierrez’s BIOMS research of polymethyl-methacrylate (PMMA) and agricultural waste mixtures

(Bottom centre) Paz Gutierrez’s BIOMS research of photocatalytic optofluidic networks created by multiple layers of integrated
photocatalytic reactors

(Bottom right) Paz Gutierrez’s BIOMS research of reversible self-actuated thermo-responsive pore membranes
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MUTABLE AND LAYERED SKIN
The Jellyfish House (2005-06) by Iwamortoscote Architecture establishes a strong

site rclationship by constantly ﬁltcring contaminated water, polluted air, and green (Lefi) Water and air fltration [Fig. 3.22]
house gases around the skin of the building by the process of pbotocatalysis: titanium diagram of material components

and geometry the Jellyfish House
(Centre) Diagram of multi-layered [Fig. 3.23]

surface geometry; darker areas of

dioxide pancls absorbing ultraviolet radiation from sunlight actingasa disinfecting

agent by oxidizing cells of microorganisms. [Fig. 3.22] This process, in turn, changes

its external and internal appearance in accordance with the pcrforrnancc of water diagram indicate high amounts of
. 1 . water collection and lighter areas
filtration. The building rcgulatcs the amount of surface run-off from rain and uses indicate less

itto supply inhabitancs, while returning it to the environment. [Fig. 3.23] There are
cavities that compose the surface of the building and catch and filter water with a
chemical reaction that takes placc berween UV ligbt and its material system, whilea
titanium dioxide coating emits a blue hue to indicate the pcrccptual pcrformancc of
the building, [Fig. 3.24] [Fig, 3.25] Situated in a designated toxic site, the Jellyfish House

ubiquitously remediates the environment while also sbcltcring inhabitants.®

[Flg. 3_24] (Above) Interior rendering of Jellyfish House with glowing
water filtration cavities denoting the active filtration of
surrounding water

[Flg. 3 _25] (Below) Rendered building section illustrating geometric
relationship to surroundings

Stacked Bar Typology

D y Micro surface geometry

N

‘Water Channels

(Latent heating and
cooling water jacket)

Hydrated Salt
Collected Water
Titanium Dioxide
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URBAN CAMOUFLAGE:

The Chromagenic Dwelling designed by Faulders Studio offers the notion of
urban camouﬂage, so that inhabitants can alter the appcarance of their surrounding
spaces. Inhabitants can react to climate and control privacy and blend the internal
organization of their home, while at the same time displaying an altered visual
appearance to the exterior. [Fig. 327]The Cbmmogem’c Dwe//mgis a four—storcy
apartment building ina typology of two thin bars at roughly 4.25 metres wide by
43 metres long and 18 metres tall. Situated in Octavia Boulevard, San Francisco,
Ca, the Chmmogem’c Dwe//z'ﬂgx cach house three units of residential apartments with
shops and a coffee bar at street level. The building is constructed with a Cast-in-placc
concrete structure to allow for varying sizes of window openings with electro-
chromic fenestration.“[l:ig. 3.26] The build provides a high degrce of shade control
for the entire building with graduated shading; privacy for inhabitants, as well as
asource of identification of cach room; and a disguised internal organization of
building elements by creatingan abstracted appearance of a unit. [Fig. 3.28] Thus,
urban camouﬂagc can producc new types of spatial organizations such that the ability

to disguise the internal organization of buildings removes the visual monotony of

towcrs.“[Fig. 329]

Electrochromic Glass

Double Bar

Perforation

(Left) Electrochromic glass, [Flg. 3_26]
typology and perforation diagram

of the Chromogenic Dwelling

(2005) by Faulders Studio

(Centre) Urban camouflage: [Flg. 3.27]

disruptive patterning system

[Flg. 3_28] (Above) Section of traditional slab arrangement and interior,
camouflaged by electrochromic fenestration

[Flg. 3. 29] (Below) Exterior rendering of Chromogenic Dwelling
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AUGMENTED SENSORY PERCEPTION (Left) Diagram of Mix House by

Joel Sanders Architects (2006)

The Mix House inhabitants experience extended senses of hcaring and displaying typology and locations
vision. With the use of a reinterpreted picture window, inhabitants can become zijluc‘i‘:’ and vision augmentation
immersed within the spacces of their backyard, front yard, and immediate sky
above the dwclling.% The rcintcrprctcd picture window generates a new type of
connection berween architectural space and nature. The Mix House takes the form of (Centre) Audio visual

transparency

adouble block typology with two audio receivers for the exterior and three Visually
augmenting windows. [Fig‘ 3.30] Through a swivclling window projecting towards
the backyard, a window framing the strect and a window framing the sky, traditional
perception is broadened with audio-visual devices. [Fig. 3.31] [Fig; 3.32] The Mix
House empowers the dweller with a greater connection to the exterior. With the

usc of audio receivers and image-capturing software, the inhabitant has control over
noise and vision over their surroundings. With the potential to tune visual and audio
sensitivities, exterior surroundings can become virtually fileered to the inhabitants
liking. The picture window creates a visual and audio link between the living room and
backyard, the kitchen and the street, and the bedroom with the skyﬁ7 The renewed
pictures window produces anew connection berween architectural space and

exterior environment. [Fig, 3.33] The traditional divide between interior and exterior

Double Block

Sound Receivers

~ Vision
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[Fig. 3.30]

[Fig. 3.31]

[Flg. 3.32] (Above) Plan of Mix House illustrating spatial relationship

generated by sensory augmentation

[Flg. 3.33] (Below) Detail section of pivoting picture window located in
living room

MICROPHONE/CAMERA

BELLOWS MECHANISM




environments is broken such that the merging of programmatic elements livens the (Left) Refuge Wear - Mobile
. . . . - . . 48 Cocoon with Detachable Baby
Spatlal quallty Ofthc dWe“lng, gCnCratlng ancw form Of[lvlng, WOrklng, and SlCCplng.q Carrier (1994), Ll.le Orta

WEARABLE ARCHITECTURE AS POUTICAL STATEMENT

Lucy Ortas dcployablc and wearable works are born out of a critique towards
issucs of urban alienation and homelessness, issues prevalent in urban centres where (Centre) Refuge Wear (video)
changes are seen in structures of family.*/9 Her works are statements about the need (1998), Lucy Orta
for new forms of inhabitation. Rcﬁtge Wear [1998 -2005] is gcarcd towards raising
awareness of rampant homelessness in society, and so she utilizes scales of clothing,
an extension of the skin, as varying laycrs of heat-controlled mechanisms, where
housing and clothing become twins.™ [Fig. 3.34] [Fig. 3.35] Orta creates portable
architectures such as survival suits and rcfugc wear. These are seen as parkas, anoraks,
ponchos, tents, slecping bags, and furniture. These then become laycrs of inhabitation,
such that underwear is considered a crucial componentin her work to house the
homeless. This extends into layers of the overcoat, the slecping bag, and the tentas
the outermost laycr. Each unit of Clothing consists of modular textiles, and flexible
architectural components that can be transformed into individual or collective

survival sheleers. [Fig. 3.37] These are all made of durable weaves, synthetic fibres
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[Fig. 3.34]

[Fig. 3.35]

[Fig. 3.36]

[Fig. 3.37]
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(Above) Nexus Intervention with Architecture Students from
the Technischen Universitat Berlin (2011), Lucy Orta

(Below) 70 X 7 The Meal, Act X, NAPA (M.L.U. V) (2002),
Lucy Orta



for strength, and pockets for storage and zippers for disassembly and reassembly. ggoﬁi)cfli“eg": Mobile Village Il [Fig, 3.38]
Environmental issues are also dealt with through material, such as wind and water- e
resistant fabrics. This scale of inhabitation is a political platform for Orta to address,
such as social needs, necessity or urgency with medical supply to average citizens;
thus, Orta placcs shelter and protection at the forefront of her arework. [Fig. 3.38]
Her work is a call for attention to pcoplc who have been alienated; where societal (Centre) Body Architecture - [Fi g 3.39]
structure has changed the social links within family** From this motivation, Orta Foyer D (2002), Lucy Orta
extends the scales of individual inhabitation into largcr more connective modes of

largcr body architecture wich high—tcch fabric domes, [Fig. 3.39] tenc-like scructures,

physical and psychological refuge wear within larger protective enclosures.”

WEARABLE TECH.
At the scale of the human body, there are DLY. technologics that engage

and empower a broad range of pcoplc ofall ages and skill levels to build their own
wearable interactive devices.” [Fig. 3.40] These wearable tcchnologics transform the
human body with new powers of communication, information, and display. Leah
Bucchlcy isa dcsigncr and researcher who focuses on making computation soft

and beautiful at the scale of wearables.” [Fig. 342] She dcsigned a construction kit

[Flg. 3_40] (Above) Bracelets (2005 - ongoing), Leah Buechley

[Flg. 3_41] (Below) ProjectLilyPad Arduino (a construction kit for
electronic textiles) (2007), Leah Buechley
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that enables people to build their own software and interactive wearables. Her kits
include micro-controllers, sensors, actuators, and picces sewn with conductive thread
that allows for both electrical and physical connections. With Arduino software as
the main communicative hub for cach actuator, thcy form from the bottom—up an
c-textile that is lightweight and attachable to the human body.* [Fig. 3.41] Fabric-
printed circuit boards in the shape of flowers or lily pads give visual and structural
arrangements to circuit boards. [Fig, 3.43][Fig, 3.41] Accessories arc also able to
actas nodes, main communicative platforms, or control points to other sccondary
actuators. Furthermore, Adafruic Industries {Fig. 344]are an open source hardware
shop with a community that aids the everyday layman with learning the craft of
electronics that can be worn. [Fig. 3.45] Much of the focus of these electronics and
circuit boards can be implemcnted on cloth with conductive thread, LE.D.s, beads

and electronics.”
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(Left) Painting, Leah Beuchley

(Centre) Living Wall:
programmable wallpaper for
interactive spaces (2010), Leah
Beuchley

[Fig. 3.42]

[Fig. 3.43]

[Flg. 3_44] (Above) Limor “ladyada” Fried at Adafruit Industries

[Flg. 3_45] (Below) City Bike Helmet (2013), Adafruit Industries
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ACTIVE OUTDOOR GEAR

Today, backpacking, hiking, or, altcrnativcly bivouacking, are synonymous
with travelling lightweight, so that one can simply exist with the great outdoors**?
Backpackers, mountaineers and hikers, like the mﬂitary of ancient Rome, have
similar objcctivcs, such that thcy need to sustain long pcriods of outdoor living.

Iis important to note that active outdoor gear draws roots in the standard issuc
mihtary cquipmcnt of ancient Rome. To deal with harsh conditions of long travel,
a typical Roman soldier had equipment that was lightwcight so that the soldier
was comfortable His equipment reflected concerns for not only weight but
mobihty, adaptabﬂity, functionahty, and dulrabih’ty.él A primc Cxamplc was a boot
called a caligae > [Fig. 3.46] made ofasingle picce of leather laced all the way up
the foot to construct its upper. This form of construction created a unique sole
pactern that distributed the wearer’s wcight allowing him to carry, 10 Ibs of cotton
and hcmp cordagc, wooden supports with ferrules of solid iron, plus stakes to set
up an encampment around a campﬁrc.é4 In contrast to the active outdoor gear of
today, equipment then was not light; however, one still had to cover as much ground

(Left) Miltary Foortwear

ina day’s march, as possiblc. The bivvy sac, short-form for undcrtaking the activity

.. . q. L Vitican Museums
of utilizinga bivouac, allowed military patrols or watches to set up a bare minimal
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(Antoninus Pius) and Hunters -

[Fig. 3.46]

[Flg. 3.47] (Right) Outdoor Research
Advanced Bivy Sack, MEC

temporary encampment with few facilities® A military patrol would usually scout
the area so that they could detect the presence of the enemy, communicate a message
to another party, or be as close as possible with the enemy; and so travelling discreetly
wasamust.® A bivouac sac consisted of a 6ft-by-6ft tarp that wrapped the body and

protected it against general climate conditions such as rain” [Fig, 3.47

ADVANCED WEARABLE MATERIALS

Material advances in active outdoor gear include lightweight, high-tensile
strength synthetic fibres such as ultra-high-molecular-weight polyethylene
(UHMwPE) that comprise tent shells, clothing and ropes® Storage components
such as backpacks are comprised of composite carbon fibre frames with laminated
fabrics and synthetic fibres to hold loads and resist abrasion and environmental
influences like solar deterioration”” Other structural components include walking
poles made of composite carbon fibres. There are also energy-harvesting tools,
materials™, and techniques that allow the users to gather energy from the sun and
surroundings so that quotidian tasks can be completed.” [Refer to design section Fig,

5,32 & Fig,5.33]
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BIOMS (BIO INPUT ONTO MATERIAL SYSTEMS)

Paz Gutierrez of BIOMS is rcscarching material systems at the scale of their
chemical compositions, so that bio-materials behave and perform like those found
in nacural, [iving environments. Efficient processes found in nature are frequently
applicd to architectural interventions. Examples include Antoni Gaudi's (1852-
1926) ingenious use of hanging chain models that dictate the flow of forces through
catenary arches, constructing, the Sﬂgmdﬂ Familia (1882-) and Buckminster Fullers
geodesic domes that replicated the structures of crystals. However, BIOMS
secks to learn more from nature by designing with methods of self-organization,

adaptability, rf:gf:neration, and dccomposition in mind.”*

SELF-ORGANIZING MATERIALS

Sclf—organization can be described as the scructural hierarchy ot a material,
such that a material is structurally optimized to suit its function. For examplc, hcalthy
human bone has superior compressive resistance and tensile strength compared to
steel and its weight. Thus, a sclf—organizcd material refers to optimal form or structure
dependent onits function and location. In the rescarch of a Reversible Self-actuated

Thermo-Responsive Pore Membrane, a respirational pore structure in plant leaves
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(Left) Pore images bending from
0°to 45° at different termperatures,
Park Y., Gutierrez M.P., Lee L.P.

(Centre) Inspirations from
respirational pore structure of a
plant leave to thermo-responsive
pore opening and closing structure,
Park Y., Gutierrez M.P., Lee L.P.

[Fig. 3.48]

[Fig. 3.49]
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structure, Park Y., Gutierrez M.P., Lee L.P.




confirmed the researcher’s hypothcsis that pore openings with varying dimensions
influence potcntial ventilation rates of a dcsigncd membrane.” Pores of the dc:signcd
membrane openat 407 C in twenty minutes and close ac 20°C¢ Five layers of
polytetrafluorocthylene (PTFE) [Fig, 3.51] with different sized pore diameters along
with cross-sectional dimensional variances are structured in away thatinfluence

its rcsponsive behavior to environmental temperature changc while maintaining

structural performance.”

ADAPTABILITY IN BUILDING MATERIALS

Adaptability in material systems encompass the multi-functionality ofa
designed material. Solar Optics-Based Active Panel (SOAP) for Solar Energy Storage
and DZA‘MﬁCﬂOﬂ afGi’c’)/wzzz‘er enables both solar energy storage and photothcrmal
disinfection of greywater simultancously.™ [Fig, 3.53] Mirrors and lenses heat
water causing the complcte inactivation of E. coli in greywater, the process is aided
by solar UV radiation. [Fig. 3.52] [Fig, 3.54] Nano particles ina liquid absorb solar
radiation and are stored and later converted with a thermoelectric convertor or used
tor radiant floor hcating inthe building.79 Optical concentration devices are used

to ensure high solar radiative flux with low thermal losses, while its disinfection rate

Microcavity Microlens
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(Left) A photocatalytic optofluidic [Flg. 3.52]
network with multiple layer of

integrated photocatalytic reactors,

(2016), Gutierrez M.P., Lee L.P.

(Centre) A schematic axonometric [Flg. 3.53]
drawing of SOAP decentralization

system: graywater collection, solar-

activated disinfection (facade)

and recirculation (radiant floor

heating) (2016), Gutierrez M.P.,

Lee L.P.
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(Above) Pathogenic microorganisms disinfected via
photocatalytic TiO, nanoparticles (2016) Gutierrez M.P., Lee

L.P.

(Below) A single SOAP panel (2016), Gutierrez M.P., Lee L.P.

Thermal insulation
Aluminum pancl

Glass



is in proportion to its lens diameter.” Normally, solar optic
systems are focused on the generation of energy, separate from
regeneration of water and processing of waste. The SOAP
wall system allows for both processes to occur, resulting in

thrccfold managcmcnt ofwatc:r, cncrgy, and wastc.gl

REGENERATION IN BUILDING MATERIALS

chcncration in biology usually describes an ability
of a substance to repair its own tissues or fibres. However,
in marerial systems, regeneration can be described as the life
span, durability, and cost of material because these factors
include the potentiai of recyclability, resistance to dcgradation,
and other time-based variables that influence the life of the
material® BIOMS rescarch in the Effective Reflectivity and
Heat Generation in Sucrose and PMMA Mixtures reveals the
high performancc characteristic of poly—mctbyl-mcthacrylatc
(PMMA) in terms of weathering resistance and high, upper-
stress limits that render it suitable for facade applications,
compared to other thermoplastics. [Fig, 3.70] PMMA as
a building material has desirable optical and mechanical
propertics, with casy forming and surfacing characteristics.
The material is simplc to producc and can be used to rcplacc

broken or heavier, less pcrformative materials on the markert,

(Below) Properties of thermoplastics used in exterior [Flg. 3.56] (Facingpage top) PMMA sucrose mixture prototype, [Flg. 3.57]

buildings applications, Gutierrez M.P., Lee L.P.

which yiclds advantages in weight and cost of PMMA.

RECYCLABILITY AND BIODEGRADABILITY IN
BUILDING MATERIALS

While recyclabilicy of PMMA presents crucial
challenges, BIOMS rescarch in PMMA and agricultural
waste mixtures such as sucrose allow for advantagcs in optics
and lower embodied energy, which can outpcrform glass.84
Sucrose and PMMA mixtures reduce material costs by 25%
that of traditional glass, have 24% the total embodied energy
of glass and 40% of PMMA panels by itselt® This material
has potcntial to be applicc] to building Cnvclopcs where
energy losses are concentrated. Anagro-based PMMA and
sucrose mixeure can providc thermal insulation and daylight
transmission control to building enclosures.® [Fig. 3.71]
Furthermore, these material mixtures decrease heat gains by
absorption as a function of sucrose and PMMA properties.””
Traditional glass films or active ciycs are used to control
thermal and optical pcrforman(:c. However, agricultural
waste mixtures such as bamboo particles or sucrose with
PMMA allow for the advancement of biopolymers to achicve
Cnvironmcntally sensitive solutions in existing builclirig

materials.®

light diagram and heat transfer diagram, Gutierrez
M.P., Lee L.P.

(Facing page bottom) Corrugated PMMA panels used [Flg. 3.58]

on exterior facades of buildings, Gutierrez M.P., Lee

L.P.
DENSITY SERVICE TEMP. TENSILE ELASTIC COEFF. OF LINEAR| | THERMAL RESISTANCE TO CHEMICAL ATTACK FROM:
LONG/SHORT STRENGTH MODULUS THERMAL CONDUCTIVITY
EXPANSION
[o/em?] [°C] [N/mm?] [N/mm?] [10°/K] [W/mK] acids alkahs |_| weather
PE 0. v looooHooooHo |
0.92 60-75/80-90 8-23 200 500 230-250 0.32-0.40
o [0 N - O O+ o e e o0 |
0.95 75-90/90-120 18- 35 700-1400 120-200 0.38-0.51

150/220 35-54 1100

oo I | o Jeeecfeces
65-90/85-100 50-77 1600-3600 70-90 0.18
« I O D O | e e |
135/160 56-67 2100-2400 60-70 0.21
o I I 0 [+ o o o0 o0 |
100/200 3100 40-60 0.24
--- | __[caooiorn
250/300 25-36 120-250 0.25
ETFE

-loooo e
0.23 [eeee] excellent, [e0e] good, [eo] sOme, [o] little, [ ] none
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TRAJECTORY

The rescarch mentioned above is a cluster of material precedents that

occur beyond the scale of classical architecture, but atanother scale thac privilege
integration of materials at the scale of wearables, crcating immersive environments.®”
These wearable architectures act as interfaces between inhabitants and surroundings,
creating personal expansive spaces, co-generated environments, and dynamic spaces
with cyciing f:nergies. These interfaces Cxpiain many different contextual influences
afforded by wearable architecture, such that the scales of influences, from prosthetic
enhancements and modifications to the human psyche and micro- and nano-
structures with iight Wf:ight material surfaces, can allow for new forms of influence
over the human body so that one can engage with the world more than ever before.
Designers and architects are now armed with a great number of material tools and

tcchniqucs to approach sustainable iiving.

END NOTES

1. Cybernetic systems of data exhibit regulated flows of information for
communication. This can also be seen as a form-reflexive diaioguc between

humans and data. Thus, a cybernetic body part implies an interdependence

betwccn human bOdy and machine SU.Ch that a cyborg, can not exist by itSCl£ but

is in constant communication between virtual rcaiity and reaiity. The augmcnted

body part would be in constant dialogue with the human body to actively steer

itself, in conjunction with the body, towards a shared goai. Ie would also involve a

mutual and symbiotic interdependence between human body and technology:;
Beer, Stafford. Designing Freedom. Concord, Ont.: Anansi, 1993.

2. Ciyncs, E. Manfred and S. Nachan Kline. “Cyborgs and Spacc.” Astronautics, no.
September (1960).

3. Ibid

4. Haraway, Donna Jeanne. Simians, Cyborgs, and Women : The Reinvention of
Nature. New York: New York : Routledge, 1991.

5. Ibid.

Braidotti speaks about blurred machines, organisms, objects and nature.;
Braidotti, Rosi, author. The Posthuman. Cambridge, UK: Polity Press, 2013,

7. Haraway, Donna Jeanne. Simians, Cyborgs, and Women : The Reinvention of

Nature. New York: New York : Routiedgc, 1991.

Ibid.
Mitchell, William J. 1995. City of Bits Space, Place, and the Infobahn, edited by
Inc thLibrary. Cambridge, Mass.: MIT Press.

10.  Cyborgs exercise new personal spatial sentiments which require new kinds of
shelter. According to Donna Haraway, the cyborg is the becoming of a free
and woridiy bf:ing. Her writings on the Chthulucene (chthon meaning ‘earth”
in Greek and associated with tliings that dwell in or under the earth) suggests
that the Chthulucene will be the age in which humans recall chtonic powers to
collect waste and exterminism of the Anthropocene and Capitalocene. The
post-human was to be more of a process of composting, such that the idea of

aworld could be habitable. These enhancements to the human species render
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its users cyborgs.; Haraway, Donna Jeanne, author. Staying with the Trouble:
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that bioiogy has an innate abiiity todo Cverything, while doing nothing. Bioiogy
just works and, at times, it can be aided by orbe dcpcndent upona mechanical
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capable of greater action then in the hand of humans.; Canguilhem, Georges.
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PRECEDENTS

The following film precedents articulate a languagc about how onc might

live in che future. Thcy inform Cha.ngcs to the human body, Ways of living, aswellas
the human relationship with the drastically different ccologies of! projcctcd worlds.
The following section is categorized into precedents rcgarding an expanded human

physiology and future environments to inspire the final chesis design.
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GHOST IN THE SHELL (2017)
DIRECTED BY RUPERT SANDERS
MIRA AND THE MONK HIVE

PREMISE

Ghostin the Shell (2017) is about a world inhabited by
cyborgs and it reineerprets today’s spaces for living, worl(ing,
and slecping. The film is set in the future ofjapan, when
humans no longer need their natural bodies o live. This is
duc to the advent of Cyberbrain tcchnology,‘ (Fig1] the
main component of the human body woliveina digital and
war-ridden world. Mira Killian is a cyborg, anti-cyber terrorist
official whose home supports her desires to be more human
than machine. On the other hand, Hideo Kuze is the Vcngeful
antagonist who wants to get rid of his physical body and live

inside a vircual network.

A SYNTHETIC BODY

ThC ﬁlm prcscnts a Sy[lthﬁtiC human bOdy thilt can
save humans from dC&d’l and catastrophic accidcnts. Human

bodies are subject to enhancementand repair from Hanka

(Below) Mira Killian with Cyberbrain near her body, [Flg. 4. 1]
Ghost in the Shell 2.0 (1995)

Robotics, aleading corporation specializing in augmentative
technology. The human brain can co-exist within a mechanical
body known as a shell. This type of tcchnology reveals the
theme of the film: the struggle in defining traits of humanicy
once the entire body is a machine. Mira Killian and Hideo
Kuze both have synthctic bodies with their brains implantcd
within them. [Fig 2] They both have a port on their neck that
cnables them to virtually cravel among the networks of data
on the Internet. They occupy different shelters for survival
because Mira Killian and Hideo Kuze have opposing views
on what makes them human. The result can be seen in the
Spatial composition of their home. Mira Killian thinks that
her actions define who she is racher than her memories, which
cxplains the importance of the physical rcality which she
inhabits. In constrast, Hideo Kuze disregards his own body
and the physical world, such that he prefers living in a vircual
rcality.

(Facing page top) Killian’s Shell, Ghost in the Shell [Flg 42]
(2017)

(Facing page bottom) Killian sitting in her living room [Flg. 4_3]
recharging, Ghost in the Shell (2017)
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KILLIAN

Killian’s home has a space for living, worl<ing, and
sleeping, Killian's home is barren, un-personalized, functional,
pragmatic, withouta space to cook and cat. The apartment
also lacks a wash area and bathrooms. She has two spaces for
relaxation. One isa pod that allows her to sit and day-dream,
while the second is a loungc with semi-radial seating for
company. A loungc indicates that Killian likes liaving pcoplc
ather apartment, and that face-to-face interaction has meaning
for her. Her apartment includes a work station, a table with
tools for analyzing evidence from crime scenes. Adjaccnt
to this room is storage for weapons and mechanical body
parts to repair herself. Herbed isa cliarging station for her
body with ambient liglits stimulating her circadian rliythm
while refuelling the bateery cells in her mechanized body. A
dominant characteristic of the apartment is pragmatism,
Cxprcsscd in spaces for work and the care of her mechanical

body, but with less space to relax.

KUZE

Another kind of spatial organization is portrayed
through Kuze's cynical plans to create a society where
individuals live within a mental neural network. By hard
wiring people’s minds together, the only purpose of the body

is to sustain the brain. These peoplc sit in an unlit room and

(Below) Stunt double wearing a Therm-optic suit [Flg. 4.4]
prop. Suit in film can make the wearer invisible by

bending light.

are radially organized with cach other, along with their heads
connected with wires that converge and lead outinto the
physical world but only to connect to othersimilar spaces.
Methods to fully sustain the body without leaving the mental
neural network are still in progress, as there are pcoplc who
have not survived due to this flaw. The mental neural network
creates a collective consciousness of beings who can live freely
and are not confined by their bodies. This space does not
privilcgc relaxing butinstead providcs aspace to day—dream

forever.

CONCLUSION

The Cyberbrain, synthetic bodies of cyborgs as well as
Mira Killian'’s and Kuze Hideos homes in Ghost in the Shell
producc architecture that is absent of space for living butare
more inclined towards working and sleeping, The synthetic
qualitics of the cyborg diminish many of the traditional
qu:ilitics ot human life thac pcople enjoy today, suchas pliysical
interaction with surroundings and face-to-face interaction
with pcoplc and space to carry out hobbies. Instead, Killian
and Hideo have no need for physical spaces to live or relax and
wind down from a busy day. This is scen in their homes wich
objccts and tools that facilitate the functions of the cyborg
body. The film presentsa dark trajectory ot humans and their

built environment in post- World War I11 Japan.

(Facing page) Spatial composition of Kuze’s hideout vs [Flg. 4.5]
Mira Killian’s apartment
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ALIEN (1979)
DIRECTED BY RIDLEY SCOTT

SPACE JOCKEYS AND THE DERLICT SPACE CRAFT

PREMISE

Alien (1979) presents the spatial composition ofa
space craft of an alien species in the future. The space craft
is prcscntcd as a bio-mechanical system where humans are
embeddedina system for functioning and iiving. Alien
cxplorcs this notion with the artwork from H.R. Gigcr’s
Necronomicon to draw upon subjccts and environments
thatare bio—mechanicaliy tused togcthcr. The film constructs
afurure dystopic scenario when humans encounter a killer
spccics called the Spacc]ockcy, a tcrrifying intcrpianctary
parasice. The relationship berween the Spacc]ockcy and
humans influences the spatial organization and design of

architectural sets in the film.

DERELICT SPACE CRAFT

The sctting under invcstigation in Alien is the derelict

(Below) Derelict ship entrance, Work 275: Wreck,

Fig. 4.
H.R. Giger (1978) [Fig. 4.6]

space craft. Itis a hybrid bio-mechanical life form/ space craft
with a distince pilot chamber, entrance, [Fig 6] floor, interior,
texture, and cargo load. These elements highlight a iiving—
building system. The artwork of HR. Giger's Necronomicon
suggests the space craftis not a static machine, but one thac

is activciy participating in sustaining analien life-form. The
derelict space craft contains a pilot chamber with a living being
tused o its chair, entrances that resemble orifices, floors that
are not meant for Walking on, skeletal interiors, and a brecding
ground for eggs that hatch creatures that utilize human bodies

as hosts to ensure their own survival.

THE PILOT
A deceased Space Jockey pilotis at the centre of a
iai‘gc domed interior of the space craft. His chair hasa iarge

targcting gun, Pcrhaps i:OI” obscrving tllC universe or for

(Facing page) The space jockey chair, (1978), H.R.
Giger

[Fig. 4.7]
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launching its cargo load of—eggs at speciﬁc planetary targets. Ie points to an oculus-
like opcning in the ceiling of the pilot chamber. The pilot is visibly fused to its chair,
reaching 15 fectin height. [Fig.7] The pilotis has no legs, indicating that its sole
purpose is piloting the ship.[Fig.S}

ENTRANCES

The entrances to the space craft are shaped like orifices and are not serviced
by ramps or other elements for accessibility. They are situated three metres from
the ground and roughly one to two metres in diameter. The entrances are primarily
opcnings for intake and exhaust of air and other fluids. The Spacc]ockcy Pilot, being
signiﬁcantly larger than the opcnings, indicates that the entrances are not mean to
function as they would for humans but to act as service ducts for the greater body of

the Spacejockcy who had no need to leave its chair. [Fig.%

FLOOR

The floors are lined with an organic matterina skeletal conﬁguration. The
artist HR. Giger designed the set with bones. The audience can speculate that if the
Space Jockey had been alive, the walls would be animated and pulsating to service,
and contain the thinking Space]ockey life forms. Wichout any ramps or accessible

staircases, the floor is left uninhabited by life forms other than its prey.
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(Left) Wreck, H.R. Giger (1978) [Flg. 4.8]

(Centre) The Space Jockey, Aliens [Flg. 4.9]
Apocalypse: Destroying Angels
(1999)

(Right) Egg Chamber, Work
386:Egg Silo Version 3. H.R. Giger
(1978)

[Fig. 4.10]

ALL THE GIANTS IN
THIS CAREFLILLY SEALED
CHAMBER WERE SUBTECTED TO
SOME FORM OF LATATONKC
SUSPENSION. 1 CAN'T
EVEN BEEIN TO LINDERSTAND
THE PROCESS...IT APPARENTLY
WORKS ON A MOLECULAR
LEVEL. ASTONISHING.

1 BELIEVE THAT,
WITH THEIR RACE ON THE

VERGE OF EXTERMINATION

BY THE ANGELS, THE GIANTS

RESORTED TO THIS..AN

ATTEMPT TO HIBERNATE
AND OL/TLAST THEIR

PDESTROYERS,

EGGS

The reproductive part of the derelice ship is a cargo space filled with eggs.
[Fig.10] There is an energy ficld veiled over the eggs so that they remain dormant
until their prey arrives. When the energy field is deactivated or unintcntionally
breached, their outer laycrs of skins containing both thermo- and pressure- sensitive
veins, hatch a creature to subdue the prey. This strange entity is the Face Hugger
whose sole purpose is to implant another aliens species, cnsuring the survival of its

kind.

CONCLUSION

The derelict spacccraft and its spatial composition establishes a world based
upon an interconnected relationship between humans and a buile environment.
The result is a world where humans are fuel for the survival of an alien specics. This
spcculative scenario of the future is relevant to the thesis because it is about humans
being entirely consumed within their built environment. This situation is an extreme

Cxample Of—WhCH humans are no longcr thC ccntral (:OCLIS Ofllf—ﬂ in thC universe.
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BLADE RUNNER 2049 (2017)
DIRECTED BY DENIS VELLENEUVE
A DYSTOPIC ECOLOGY

PREMISE

The world in the film Blade Runner 2049 (2017)
projects climate conditions which humans will face in the year
2049 in California, Earth. There is extreme environmental
dcgradation due to over zealous industry and over population.
This has left Earth with acid rain, rcsulting in barren lands and
toxic waters. Cities are also scarred by endless wars, leaving
radioactive dust throughout them. The ability to travel to
other somewhart habitable plancts known as Off-Worlds, has
that prompted the United Nations to encourage people to
emigrate. The world conditions of Blade Runner 2049 are
the conscquences ofhuman inadcquacy to care about life on
Earth. The following text examines three locations and their
spatial composition and atrnospherc asinfluenced by extreme

Cnvironmontal anlCCt and war.

(Below) City Outskirts, Blade Runner 2049 (2017) [Flg. 4.1 1]

CALIFORNIA, 2049

Los Angoles, California, in 2049 is a fully urbanized
and ovc:rpopulatcd city dominated by Tyrcll Corporation’s
buildings that tower several thousand metres into the
atmosphore. Airborne vehicles for transportation criss-cross
the auto-navigated skylines. At ground level, Los Angeles
is depicted with artificial light and extremely self-indulgent
pooplc. The border of the city is guardcd with flood gates
against impcnding hurricanes and ﬂooding. The city is very

hot and experiences alot of rain.

EXTREME HEAT
The sky is constantly blocked with suspended

particulatcs in the atmosphcre that decrease visibility and
increase ground—surfacc temperatures. Buildings and other
concrete surfaces in the area retain heat produced by solar

radiation during the day, which is released during the nigllt.

(Facing page top) City Outskirts at the Farm, Blade [Flg. 4.1 2]
Runner 2049 (2017)

(Facing page bottom)Las Vegas and radioactive dust, [Flg. 4.1 3]
Blade Runner 2049 (2017)
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The sun heats up the heavily urbanized Los Angeles through
direct suniight and heat re-emitted from the ground after

the Earth’s atmosphere has absorbed solar energy” Heatis
re-emitted through various physical processes like radiation,
convection, and turbulence, making the ground plane the
warmest part of the city. Gases like carbon dioxide hinder the
dissipation of heat from the city, and greenhouse effects ensure
the increase of average surface temperatures.’

The water cycle of the region is altered, as depicted by
scenes where itis constantly raining. Perpetual evaporation
from a warmed ocean causes torrential downpours. Higher air
pressures influenced by heat over surrounding bodies of water
alter water and air movements, which result in more frequent
and intense hurricanes.* By this time, the poiar ice caps will
have compictciy melted, giving rise to mean sea levels.” The
need for flood barriers around the city in Blade Runner 2049 is
justiﬁcd.

The film takes piacc after World War Terminus, a war
involving nuclear weapons and the world's most powerful
nations. The war ends after successive nuclear bombs have laid
waste to Earth’s surface, resulting in an empty Las Vegas tainted
with radiation. The city is left in ruins with the desert sand
crccping into the city. There is an inactive city infrascructure,
powcricss buiidings and orange radioactive dust fiowing
throughout the city, making it uninhabitable.

After the detonation of many nuclear bombs, a
prcvaicnt climatic after-effect is nuclear winter® Smoke from
the fires caused by the bombs would be heated and lofted
into the Earth’s atmosphere and then spread throughout
the entire world, lasting for years. The surface of the Earth
would become dry, such thatalocation like Las Vegas
would be increasingiy dry and void oi‘icrop growth. Oxides
released from the nuclear bombs would carry into the upper
atmosphere and deplete the protective ozone layer, resulting
in an increase of ultraviolet radiation for the Earth’s surface.
Bombs of such a magnitude would deplete ozone levels by
70% severely burning the Earth's surface and life onic”

Another environment projcctcd for California in
2049 is dcpictcd on the outskirts of the city. Itis shown as

awasteland with a single tree that has died, requiring cables

77

to help keep it standing. There is a farm without relation to
its natural surroundings that produccs gcneticaiiy incubated
and modified grubs indoors. The outskirts are also absent of
wildlife with licle vegetation, massive amounts of garbage
overﬂowing the land, and dccrcpit machinery cvcrywhf:re.

An environment such as the outskirts of Los Angcics
experiences little to no rain. A heavily urbanized state of
California, consisting of concrete and non-natural materials,
would not transpire and would influence neighboring low
inland arcas of the continent to become dry. Water from
the ocean would transpire and fall on the nearest and high
buiidings in Los Angcics‘ Thus, the mean surface soil moisture
in such a future scenario would drop roughly 2mm resulting in
devastated wildlife, ccosystems, and the materials necessary to
sustain life.’

The film projects the future environmental conditions
of Los Angcics in 2049 by cxtrapoiating current conditions
of giobai warming. Itis intcrcsting to be able to visualize
these conditions, so that we are able to experience such
ciaustrophobia both spatiaiiy and psychoiogicaiiy. The film
posits ideas about a desperation for survival such thac humans
start to exploit the use of biological slave labour, substandard
iiving conditions, and the option to live on another pianet.

This film raises awareness of the effects of environmental

neglect.

(Facing page top) California, Blade Runner 2049 [F]g, 4. 14]
(2017)

(Facing page top)Los Angeles at night, Blade Runner [Flg 4.1 5]
2049 (2017)
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END NOTES

L.

A Cybcrbrain is a human brain thatis physically intcgratcd with electronic
components to produce an augmented organ. Cyberbrain implants allow the
brain to interface with the Internet and have a direct and constant connection
to computer networks and other individuals who have a Cyberbrain. The
Cyberbrain rids the need for any type of external device allowing for a scamless
and augmented mental capacity of humans.
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weathergovhk/climate_change/human_activities_chem.

Hong Kong Observatory. "Global Warming: The Hong Kong Connection.”
Government of Hong Kong Special Administrative

Erickson, Kristen. 'How do Hurricanes Form?" NASA Space Place2016.
htep://spaceplace.nasa.gov/hurricanes/en/.

Tong, Hang-wai. "Under the Influence of Global Warming, are Tropical
Cyclone Activities Changing?” Hong Kong Observatory2016. heep://www.
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Robock, Alan. "Nuclear Winter." 1, (May/June, 2010): 418.
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http: //www.atomicarchive.com/Effects/effects22.sheml.

Hong Kong Obscrvatory. ”Hong Kong ina Warming World, Second Edition.”

Government of Hong Kong Special Administrative Region. heep://www.
weathergovhk/climate_change/climate_change_cpdf.
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TAI TAM COUNTRY PARK

0 100m  200m 500m
1 ————
50m

Victoria Harbour
North Point Lowlands
Tai Tam Country Park
Area of Study

Braemar Hill Peak

0 5,000 13,000 26,000
people/ km?

[Flg. 5. 1] (Top) Site images - View from Braemar Hill

[Flg. 5_2] (Bottom) Shrowded Historic Chinese Shophouse
in NPL

[Flg. 5 _3] (Right) Site map of Hong Kong Island, Eastern
District and the North Point Lowlands
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PROPOSAL

On the island of Hong Kong, a co—generated public space is proposed. The

subject site is in the district of North Point, between Electric Road and Kings

Road. [Fig. 5.4] Thislocation is a mixed-use urban arca that is part of the lowlands

in Hong Kong, (Lowlands - terrain between the harbour waters and reclaimed land
at the base of Hong Kongs steep, excavated, and mountainous slopes.) Aca larger
scale, the North Point Lowlands (NPL) is part of a process of land reclamation and
rehabilication on the island of Hong Kong. [ts northern shores, bordering the Island
Eastern Corridor, are comprised of synthetic reclaimed land, created from Victoria
Harbour to provide its land for new homes." Directly south of NPLis terraced
housing. Beyond is Tai Tam Country Park, which occupies one fifth of Hong Kong
Island’s land arca. The park is a protected and naturally preserved landscape that has
been under systematic reforestation to revive its badly eroded hills after WWIL? [Fig.
5.3] Thus, NPLs unique in-between location demands that any proposed project in
the arca must be sensitive to the acts of reclamation and rehabilitation taking place
both within and to the north and south of it. ' To this end, the project aims to engage
natural, synthetic and social site features by reinvigorating adormant alleyway in NPL
with grafting qualities of geotextiles to become a more inclusive, connective, and
sensitive space. [Fig, 5.2] This new vibrant public space will allow people to stop, rest,
and re-engage the frenetic city, while also connecting inhabitants wich physiological

perceptions of site energy, that s, the creation of an expanded human physiology in

North Point Lowlands.
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REHABILITATION AND COHERENCY
The urban fabric of Hong Kong finds its roots at North Point Lowlands, such

that the very firse setlers depcndcd onits proximity to Victoria Harbour for trade,
ﬁshing, and transportation. The bcginnings of NPL were comprised of entertainment
centres, theatres, largc mixed-use towers, and vernacular shop houses known as Tong
Lau? The presence of Tong Lau provides cultural and geographicai distinction to
ncighbouring cities. Some of the oldest shophousc vernaculars are constructed in
this area of Hong Kong Island, the root of Hong Kongss social fabric. This makes
NPL a prominent location for intervention. This site difters from other locations in
that its historic city framework operates in conjunction with gcotcxtiic structures by
cxtcnding inhabitant sensibilities with architectural components. Thcy allow fora
dccpcr inhabitant connection to the site by bringing to iight spcciﬁc quaiitif:s. The
subject site features a historic tenement house bordering Electric Rd. [Refer to Fig,
5.3 & Fig, 5:4] Thus, the intervention attempts to make coherent the existing urban
fabric. Strategies include bringing the bifurcative and emergent qualities of spring,
abreath of inspiration, and community gathcring as gestures of rehabilitation. This
dcsign proposai isa thoughtful addition that creates coherence to its ncighboring
reclaimed and rehabilitated synthctic and natural land features to the north and south

rcspcctivcly.

SITE FEATURES

The North Point Lowlands is an area located north-west of Siu Ma Shan,
2200-metre call hill on Hong Kong Island. Existing site features include: a small

parkettc 50 metres north [Fig. 54, green gcometry], anew residential dcveiopment

’ to the northwest, and subway access S0 metres to the south [Fig. 54, dotted red line|.
Area of Study =+e=s*= m"“%%{“ﬁ':'-“d:; : Tong Lau Immediately to the north is the Island Eastern Corridor, a highway that runs along the
g +Car Line Subway Line -~ shore line of Hong Kong Island [Fig; 5.4, yellow geometry]. There is a historic rail-car

line located on the primary arterial route called King’s Road [Fig, 5.4, solid red line .

Open Space/ Lam:hcﬁf -
Pedestrian Route
[Flg. S.4] General circulation and program diagram

Secondary streets run through the arca towards Victoria Harbour. A tertiary street,
Electric Road, runs paraiiei to King’s Road, which circulates travellers norch-east and
north-west. There is ampic: space for pcdestrian circulation along Electric Rd., King’s
Rd. and connecting strects [Fig. 5.4, blue line]. Oil Strect directs travelers toward the

coastline of Victoria Harbour and serves as a remnant of the land’s former connection

with Victoria Harbour. [Fig. 5.5] [Fig, 5.6]

BORDERING SITE FEATURES

NPL s a part of the North Point district on Hong Kong Island with a
population density of approximately 26,000 people per square kilometre.* Bordering
North Point to the west is Causcway Bay, amajor bustiing commercial destination.
To the eastis Qigrry Bay, a prcdominantly residential area with ofhice towers.
Roughly one kilometre to the South is Tai Tam Country Park, and within it is
Braemar Hill, located at the northern tip of the park. Braemar Hill also offers a view

of the concrete jungle tharis Hong Kong, [Fig. 5.3 [Fig, 5.1]

[Flg. 5.5] Access to harbour and country park [Flg. 5_6] Axonometric of North Point Lowlands, Hong Kong
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(Top) Site images - North Point alleyway

(Bottom) Alleyway vegetable street vendor

(Right) Alleyway collage rendering
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THE PENCIL TOWER AND ALLEYWAYS
The incrcdibly dense urban core of Hong Kong has procluccd a uniquc housing

type known the pcncil tower. Residential pencil tower typologics are supported on
podiums that contain retail and commercial amenities at NPL. Streetlevel is met
with ample pedestrian and vehicular trafhc. Servicing between King’s Road and
Electric Road are alleyways between building podiums. [Fig. 5.5]

The NPL alleyways are less densely populated public spaces compared to
its immediate urban contexct. Thcy allow for air to circulate between residential
towers and for light to enter between building&5 Typically, tllcy are characterized
by unexpected, locally organized vendors who offer commercial services such as the
sale of small amenities, vintage barber shops, storage compartments, vegetable stands,
fabric and tailor SllOpS, and other services® Not evident in these public alleyways
are commercial urban fabrics. These vendors lend distinctive qualities to spaces not
found in other areas of the world. Furthermore, the alleyways are often dark and
tunnel-like, surrounded by a cacophony of piping and air conditioning units that
drown out the sounds of street cars, taxis, and buses. The alleyways evolved from

PU['Cly pragmatic spaccs, Wl]lCll today have bCCOH’lC lOC&lthHS fOl‘ lOCQ.lS to set U.p Sl’lOp

ortorest.” [Fig 5.7] [Fig 5.8] [Fig 5.9][Fig. 5.10]

A HEATED SITE

The dcsign proposal is inspircd by the influence of heat at the subject sitc.[l:ig.
5.12] Throughout thesis rescarch, it was evident that the Hong Kong Observatory
has placcd increasing awareness on the effects of global warming on Hong Kong and
Kowloon* Such attention is due to increasing average and mean temperatures of
the island due to the heatisland effect, whereby concentrated concrete seructures and
surfaces retain solar radiation during the clay.9 During the night, heat is released back
into the ground and surroundings, so that night temperatures are gencrally highcr
than those in rural land arcas. In addition, reduced visibility, increased cloud cover,
pollution, and greater frcqucncy of extreme weather events are worthy factors to be

considered. ' 1!
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CLIMATE

The climate of Hong Kong is subtropica[, with very mild winters and hot
summers that are rainy and humid. The arca’s annual mean temperature is 28.5°C,
with the summer solstice 10-15 degrees warmer and the winter solstice 5 degrees
cooler. Humidity is high in this region with an annual average of 77%, with 2400 mm

of average prccipitation.

SPRING AND THE DESIGN PROPOSAL
The dcsign proposal utilizes the effects of springasa guidc. Spring (March

21stto June 21st) is mild and pleasantly warm. The average hours of daylight number
twelve. Temperatures reach alow of around 15° C with increasing temperatures and
the occurrences of the ycar’s first thunderstorms. In May, the area begins to warm
with highs of28°C. This temperature is lower in comparison to summer months.
Rain during spring becomes progrcssively more signiﬁcant throughout the months.
Anirradiance map displaying solar radiation accumulated in K\Wh/m? between

the time frame of March 215t (0600hr - 1800hr) and June 21st (0600hr — 1800hr) is
displayed below. [Fig. 5.11] [Fig; 5.12]

[Fig.5.10] Typical alleyway
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[Fig. 5.12] Irradiance map of area of study. Time frame - March 21st to July 21st, sunrise (6am) to sunset (6pm)
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[Fig.5.11] Site map



SITE INFLUENCES

EXisting site features are dictated by physical structural components of
apartment towers. [Fig. 5.13] A new rectilinear and radial structural column grid
is proposed. This grid of columns, spaced eighteen metres apart, would line the ' . ; - : 1
sidewalk of Kings Rd. and Electric Rd. [Fig. 5.16] The linear spaced columns provide i . j : i ST Y I & e YR 4 L I' Fee
the primary structural support of the proposed canopy structure. Another set of Lag -1:} BH i I_ | : 11kl ESfe § ; 5 T I £ (1] e ._ [_ | y | _-J | _]_l I | _
columns are radially organized according to surrounding neighborhood buildings, 3 '
districts, and country parks to provide coherence. These four radia“y organizcd
column sets are the primary support structures for Deployment Stations. The castern
column set corresponds to the district of Quarry Bay: the south corresponds to
the district of Fortress Hill; the west refers to che district of Causcway Bay; and the
north corresponds to Victoria Harbour. These columns attempt to draw a structural

relationship with their surroundings. [Fig, 5.14]

[Fig.5.13] Regularity of apartment towers

BUILDING ABOVE”

= SUBWAY ACCESS
\ I

l (o!nmon Area

[Fig.5.14] Site map with radial structural grid layout [Fig.5.15] Birds eye view of the North Point Lowlands
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A MOMENT OF PERCEPTION (Above) Quadtree geometric filter
) of fluid flows on site
Latent heat energy flows throughout the study arca. Black ink on card stock
is used to representa dynamic flow of fluid energy at the footprints of existing (Facing page top) Black Ink and

apartment towers. [Fig, 5.12] The flow of dense black ink is allowed to soak into the cardstock fluid flows

paper to quantify the dynamic action. The fluid leaves behind a trail of its movement

(Facing page bottom) Street view of

giving evidence of a moment in which it materializes as a directed flow. This ink >
the North Point Lowlands

pactern is then translated into a quadtree pactern. [Fig, 5.17] Quadtree patterns are
graphic fileers that create nodes in a two-dimensional area. This simpliﬁcation of data
allows for complcx patterns such as flows of liquids in two-dimensional space to be
translated into a visual pattern. Morcover, this pattern is used to regjster heat energy at

moment in time, which, in turn, generates a tiling patcern for the area ofstudy.
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[Fig. 5.16]

[Fig.5.17]

[Fig. 5.18]
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PRIMARY STRUCTURE

The primary structure consists of two scts of four stecl columns spaced cighteen
metres apart along the side walks of Kings Rd. and Electric Rd. respectively. These
steel columns suspend steel cables that pull, in tension, a hollow structural steel tube
(HSS tube). This HSS tube acts as the selvage of the entire canopy. A selvage,
in terms of fabrics, is an cdge produccd onwoven fabric during manufacture that
prevents it from unraveling” When viewed in elevation, the HSS tube takes the

form of an arch. [Fig. 5.51] When viewed in plan, a sinusoidal wave is seen. [Fig. 5.47]
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(Above) Array of columns aligned
along King’s Rd. provide the
primary structural supports to the
canopy

(Right) A single column tilted at
12.8 degrees provides shade for
pedestrians waiting for a taxi, or
resting while also creating views to

the sky and support for the canopy

[Fig. 5.19]

[Fig. 5.20]
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A pcdcstriari waiking with matter orbiting radially while

gencrating aconcave curve.

A pcdcstrian Walking with radial matcer orbiting radially the

body ata distance while generating a cConvex curvature.



BRACHISTICHRONE CURVATURE
The arch of the HSS tube is inspircd by cycloid geometry, also known as a

brachistichrone curvature.***  For instance, a cycloid is drawn by arotating wheel
with a pointacits circumference. The rcsulting archisa cycloid, which yiclds spccial
physical properties discovered by]ohn Bernoulliin 1694.> This curve, along which
abody, subjected only to the force of gravity, will slide (without friction) between

two fixed points in the shortest time possible.® Similarly, a constantly rotating wheel
also creates an arch ofa cycloid. The elevational cycloid or brachistichrone curvature
is used to creatc a dynamic relationship between pcdcstrians and structures in the
proposcd canopy arrangement. Asone passcs under the HSS tube sclvedgc, the static

curvature transforms.” [Refer to elevation view, Fig. 5.51]
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(Above) Array of columns aligned
along Electric Rd. provide the
primary structural supports to
canopy

(Facing page right) A single colum
tilted at 12.8 degrees provides
shade for pedestrians waiting for a
taxi, or resting while also creating
views to the sky and support for the
canopy

[Fig. 5.21]

[Fig. 5.22]

=
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A sinusoidal wave illustrating the rhythm of human

breathing,

A sinusoidal wave illustrating maximal inspiration,

maximal cxpiration and regular brcathing rhythm.



INSPIRATION (BREATHING)

Furthermore, the curvature of the HSS tube refers to the rhythm of human
brcathing. In terms of human physiology, vital capacity refers to the amount of air that
can be moved through lung airways by maximal inspiration, which is then followed
hy a maximal Cxpiration. This volume of air, cycling in and out of the hody, influences
the geometry ofa cycloid arch!® Thisis done by applying a sinusoidal wave to reflect
a rhythm gcncratcd by human brcathing. Tidal volume, the amount of air moving
through lung airways during normal breathing, is translaced into a sinusoidal curvacure
of the primary HSS tube scivcdgc. Breathing inspiration is sculpturally rcprcscntcd
with multiple amplitudes and is reflected within the canopy structure. [Refer to plan

view, Fig. 5.47]

UNDER THE CANOPY

The resultant geometry of the primary structure creates spaces where
pcdcstrians can rest in shade or to be directed with views to the sl(y. These areas occur
where the maximums of the sine curve occur. The column is positioncd ata 128
dcgrcc anglc from pcrpcndicular to the floor to allow for resistance of tensional forces
that act on the canopy structure, HSS tube, cables, and column. [Fig. 5.19] [Fig. 5.21]

The multiple layers of the canopy act as a filter berween the bustling podium
towers and street level. The canopy renders energy ﬂowing throughout the site with
light and movement. Furthermore, the canopy is activated with Varying densities
of nodes and clongated nodes that create dappled views to the sky. Here, passersby
connect by brcathing, looking, touching, and simply hcing at the site. Their Ffzciing of
heat has co—produccd a.canopy that directs light and its intensity to fill the streets. The
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[Flg. 5.23] (Left) Image stippling of irradiance

map

[Flg. 5.24] (Centre) Stipples correspond to

cell sites of a voronoi diagram

[Flg. 5.25] (Right) Voronoi diagram and
Delauney cell diagram with
varying diameters of circles that
correspond to intensity of solar
exposure
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residential air space above the canopy flows towards the public streets and ailcyways.

Together, these flows of energies charge the canopy, rendering light.”

CANOPY DESIGN

Spring is metaphorically known to be related to rebirth, rejuvenation, renewal,
resurrection, or regrowth. This time of the year is the beginning of many processes of
life. The proposcd canopy structure is informed by this secason and embodies these
natural processcs. The canopy is activated by the Sun, Earth’s greatest energy source,
such that it infilerates the area in new ways during spring.

A canopy structure is gencrated in response to the levels of solar radiation
gained from March 21st (6am to 6pm) to June 21st (6am to 6pm). The irradiance
map diagrams the amount of solar radiation gained throughout spring. The lightarcas
of the diagram corrcspond to high levels solar radiation measured in K\Wh/m? and,
opposingly, the dark areas of the diagram Corrc:spond to low levels of solar radiation
gain. Stippling of the solar radiation diagram allows for solar radiation values to be
translated into densities of stipplcs. [Fig. 5.23] High solar radiation values correspond
to sparse stippics; low values are dense. These stipplcs serve as sites. Sites indicate a
potential geometry that will influence surrounding parameters.™

Each site that corresponds to solar radiation gain at the area of study is
connected creatinga Dc:launay tessellation.?! Its Corrcsponding Voronoi Cell
diagram indicates a cell boundary that geometrically encompasses the surrounding
Site parameters. [Fig. 5.24] A circular geometry is appiied to cach site that relates
the dcnsity of surrounding sites and the circular gcomctry’s radius. The resulting
geometry responds to solar radiation values, while introducing two types of circular
geometry in addition to site. [Fig. 5.25]
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Sewing Needle

Stainless Thin Conductive Thread

Seam-Secaling Tape

P.V. Foil

Split Ring Resonator Metamaterial Fabric

Piezo Electric Harvesting Fabric

Thermoelectric Harvesting Fabric

Ultra-high-molecular-weight Polyethylene
(UHMWPE) Poncho Tarp

EXPLODED ENERGY HARVESTING
LAYERS & PONCHO, SCALE N.1S.

[Flg. 5 ,26] Exploded hypothetical energy harvesting fabric layers (2017)

A HYPOTHETICAL DEPLOYABLE GARMENT

Itis possibic to spccuiatc onthe dcsign of an outdoor
active gear such asa poncho tarp Its functionsactasa
weather barrier, energy harvester, and deployable shelter. This
multi-functional garment s the first line of defence against
harsh elemental conditions, like rain, snow, wind, and sun.

The hypothcticai poncho tarp can be Cquipped with energy-
harvcsting fabrics, foils,and a hood for head protection. It can
also be setup for shelter as a pentagonal tenc™ A modular
arrangement of cells of energy-harvesting materials are arranged

for different functions of use. [Fig, 5.34]

ADVANCED ENERGY HARVESTING MATERIALS

In the context of the NPL ailcyways and immediate

surrounding environment, renewable energy inputs arising

from solar radiation, water, radio, sound, voltage potentials, and
kinetic energics can be harvested and stored into a balttf:ry.ZS [Fig.
5.26] Solar encrgics can be harvested with photovoltaic foils that
are flexible and lightweighe***” Rain can be used to clean solar
cells, flush away waste from biomass burners and be purified for
drinking** Unpotable water with high tidal energy can be used
to generate clectricity with a satellite generator to store clectricity
ina battery for later use.® [Fig. 5.29] Furthermore, ambient radio
frequency transmissions produced by urban environments can be

1

harvested and transformed into usable electricity. ' Piezoclectric

matcriais that dcform and cxchangc cicctricai Cangy dUC to SOLl[ld

vibrations generated by nearby street cars, railroad cars, subway
trains, and other vehicles in the surroundings can be harvested. **
Vibrating machinery from air conditioning units in the aiicyways

or ambicnt sound cnergy from trees are potcntiai sources to bC

@ THERMAL, BIOMASS BIOMASS
Sources: Body waste Sources: Food and compost
WATER @ BIO DEGRADABLES

Sources: Paper

Sources: Urine, sweat

Sources: Body heat

METABOLIC ENERGY MOTION
Sources: Hand, feet, legs, moving body

BODILY ENERGY TRANSFORMATIONS

[Flg. 5.27 ] Bodily energy transformations (2017)
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SOUND/ VIBRATIONS @ RADIO
Sources: Vibrating machinery, A/C Sources: Ambient radio transmissions, antennae

units, rail tracks, automotive machin-

ery.
VOLTAGE DIFFERENTIALS LIGHT
Sources: Electrical boxes, overhead Sources: Street lights, automotive lights, building
wires, powerlines, high voltage lines lights

% MOTION 4 . ‘ HEAT
Sourcies: Human motion, automotive : Sources: Hot water pipes, heat byproduct from
machinery

machinery, A/C units

TECHNICAL ENERGY TRANSFORMATIONS

[Flg. 5.28] Technical energy transformations (2017)
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TIDES

Sources: Harbours, lakes,
oceans, bodies of water
RIVERS

Sources: Freshwater streams,
mountain streams, canals
GEOTHERMAL

Sources: Hot springs, hot dry
rock

RAIN
Sources: Satellite generators and
collectors

[Flg. 5.29] Natural energy transformations (2017)
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WIND

Sources: High wind zones, between buildings,
areas with fabricated landmasses, movement in
trees

SOLAR RADIATION

Sources: Daytime, low pollution zones with low
air particulates

SOLAR THERMAIL
Sources: Sun

NATURAL ENERGY TRANSFORMATIONS



Carbon fibre structural
converted into usable energy.” Conductors held or placed as satellite generators

back support
can gather energy from high voltage lines around urban environments that are then
stored in batteries.* Moreover, kinetic energy can be gathered from movements
of the wearer such as clapping, stomping or jumping.35 Ambient radio frcqucncy
transmissions produced by the city can be harvested and transformed into usable

clcctricity.% [Fig. 5.28} Lastly, by—products of existing machincry, such as thermal q
energy, can be harvested with phasc—changc wax or salts that delay the temperature

loss of a material. ¥ ** Waste heat can be stored for lacer use.” [Fig. 5.27]

FUNCTIONAL GARMENTS y
Ventilation and thermal control in active outdoor wear is accomplishcd with / \\\ !
multiplc laycrs with spcciﬁc functions.® From the body to the exterior shell, the Pivoting back and hip \\

joint )

base laycr is rcsponsiblc for Wicking sweat away from the body to kccp it dry and w

warm. [Fig. 5.30] [Fig. 5.31]This base layer is constructed of sweat-wicking, drying (Left) Backer layer garment (2017)  [Fig. 5.30]
and anti-microbial fibres like polycster and merino wool fabrics* A shirc worn over (Centre) Three layer shell garment [Fig. 5.3 1]
(2017)

top also has similar functions to the base laycr; however, this Iaycr adds warmch. A
bug-shirtis used to protect the user from biting insects and ticks along with trekking

pants or shorts dcpcnding onweather. A fleece is worn for added warmth. The main [Fig. 5.32] (Above) Structural back pack support structure (2017)

protective laycr against the elements is the jackct, which is watcrproof/ breachable with
Primary Zippel‘ for ventilation [Flg. 5.33] (Below) Back pack shoulder and hip straps (2017)

Carbon fibre external shoulder shell

Storage

Rear adjustnrent—__

Carbon fibre external elbow shell i Adjustnent for shoulder straps
of back pack for s !
ventilation

!

Adjustment for _—
waist and hip.

BACKPACK SHOULDER ANT

THREE LAYER SHELL GARMENT STRAPS PERSPECTIVE

BACKER LAYER GARMEN'
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air vents that allow for body ventilation and perspiration for the armpits.** [Fig, 5.31]
This three-layer shell garment is constructed of a durable water-repellent fabric layer, a
wind—proof and breathable fabric, and a backer laycr tor comfort. This material is also
known for its trademark name- Gore-Tex, a material based on thermo-mechanically
expanded polytetrafluoroethylene (PTFE) and other fluoropolymer products. This
composite fabric contains pores that are 1/20,000 the size of a water droplct, making
itimpenetrable to liquid water while allowing water vapour molecules to pass through
for ventilacion.* Dcpcnding on the climate, additional insulacion can be added

such as goose down for colder climates or synthctic insulation for climares with high

amounts of moisture.** [Fig. 3.58]

PONCHO TARPS

The geometry of the poncho takes the shape of a pentagon. There are
individual cells of energy harvcsting materials such as pv. foils, split—ring resonator
metamaterial fabrics, piczo-clcctric harvesting fabrics, thermocelectric harvcsting

fabrics, and a weather barrier made of ultra-high-molecular-weight polyethylene

v

105

Unload poncho tarp.

Guylines and stakes are stringed through

(Left) Energy harvesting poncho [Flg. 5.34]
tarp (2017)

(Centre) Assembly steps of poncho [Flg. 5.35]
tarp and tent (2017)

[Fig. 5.36]
11 111

[Fig. 5.37]

Stakes and main structure set in place.
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Tensioned energy harvesting membrane.

106

(Above) Boxwall construction with
synthetic insulation fill

(Below) 55L Black Diamond Mercury
Backpack, MEC
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SINGLE ENERGY HARVESTING
PONCHO TARP PLAN,
SCALE 1:30
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Energy Harvesting Array
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[Fig
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[Fig. 5.41]
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energy-harvesting material. A Penrose pattern also acts as a geometric filter that
secured. There are two catenary curves and a straight edge that provides additional

. | Fig. 5.2 0 accommodate the structurally stable, pentagona
(UHMWPE). [Fig 526] T date th lly stable, pentagonal
pyramid is made possiblc with five 3-fold seams. These scams are magnctically
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Energy Harvesting Cell

Energy Harvesting Array

N

Energy Harvesting Module

DEPLOYED PONCHO TARP
PERSPECTIVE

Hood

Trekking Pole

Energy Harvesting Poncho
Sleeping Bag

Guy Line
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Stakes

Stake ———4
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[Fig. 5.42]

[Fig. 5.43]

PONCHO TARP
SCALENTS

PLAN, DEPLOYED PONCHO TARP
SCALE NTS

(Facing page) Deployed, opened state of poncho
tarp tent set up and poncho tarp section (2017)

(Above) Section perspective and plan of poncho
tarp tent set up (2017)



DEPLOYMENT STATIONS

The primary physical structure of the tent consists of two carbon-fiber trckking
poles placed at the centre of the tent, along with a trekking pole at the entrance.
Ground anchors providc tension for the overall fabrics. Visitors can also hang their
ponchos at the deployment stations. These deployment stations provide arcas where
visitors can collect energy while inhabiting the alleyway. Altogether, 22 deployment
stations provide additional shade and gathering arcas when visitors utilize their

structures. [Refer to plan Fig, 547

111

(Left) 1 : 75 Plan detail of
deployment stations. Stations are
equipped and unequipped with
poncho tarps.

(Facing page top) Axonometric
drawing of deployment stations

(Facing page bottom) Axonometric
drawing of deployment stations

[Fig. 5.44]

[Fig. 5.45]

[Fig. 5.46]
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ELECTRIC RD.

0
!
1 3 (!
|
R R ‘ |
6 8 5 7
3 4
1
METRES KING'S RD.
™
02 5 10
SPATIAL ORGANIZATION (Above) 1250 Canopy Site Plan [Fig, 5.47]

The public space program provides areas for pedestrians to rest, relax and

inhabit the alleyway and street scape. The public space consists of overlapping areas

with different experiences. These areas are found on the sidewalks that line King’s Rd.

and Electric Rd. (1)(2), both southern entrances (3)(4) and the western and eastern
intersections of the alleyway (6)(9). [Refer to plan Fig, 5.47]

CANOPY SPATIAL EXPERIENCE

The sidewalk spaces are met with a canopy structure overhead and an elevated
platform for pcdestrian congregation. The canopy structure above has roughly 300
nodes of interacting components that range from 1000 mm to 300 mm in diameter.
During the day, these nodes sway slightly in the wind, while during sunset and night
emit light in relation to their surroundings. Along the sidewalk is a gcntle rhythm

113

(Facing page) 1: 75 Plan Detail of [Flg. 5.48]
Stop and go Area

1
2
3
4
5
6
7
8

Kings Rd. Circulation, Stop and Go Arca

Electric Rd. Circulation, Stop and Go Arca

Weest Poncho Tarp Deployment Station

East Poncho Tarp Deployment Station

Central Alleyway Poncho Tarp Deployment Station
Congregation Area

Semi-private Space for Deployed Poncho Tarps

Congregation Area
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created by a human breathing inspired HSS tube. This HSS tube guides pedestrians (Above) 1: 75 Plan Detail of  [Fig, 5.49] 1 Elongated Nodes

Congregation Area

along a natural rhythm as they walk alongside the canopy. From afar, a gentle curve ) Poncho Tarp Deployment Stations
draws in visitors. [Fig. 5.51]
. . . . . . (Facing page) 1: 75 Plan detail of [Flg. 5.50] 3 Canopy Nodes
In addition to the primary canopy structure are stations in which pedestrians semi.private space for deployed

can hang poncho tarps so that solar, heac, kinetic, and radio energies can be collected poncho tarps

and stored in baterics. These deployment stations extend from the alleyways and
into the streets while also providing additional sliading to visitors. The stations also
providc pedestrians more mobility and comfort by allowing their poncho tarps to be
hung while collecting energy. There are 28 deployment stations in the arca.

The castern intersections of the allcyway are met with hanging nodes that
visually connect the canopy structure with the ground surface. These are called
clongated nodes and are energy sensitive; they react to the presence of people walking

by and emit light based on heat, vibrations, radio waves, and sounds. [Fig. 5.49]
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The western intersection is semi-private space. Pedestrians can set up their
poncho tents and stay for prolonged periods of times. Overhead, smaller nodes sway
and provide a dynamic environment. They glow and pulse during the night while
visitors inhabit the alleyways. [ Fig, 5.57]
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(Above) 1:200 Longitudenal
elevation

(Facing page) 1 : 400 Site
elevation

[Fig. 5.51]

[Fig. 5.52]
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[Flg. 5.53] 1:75 Section of canopy [Flg. 5.54] 1:50 Section of canopy
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AMOMENT IN THE SUN

Asolar exposure study was conducted on an average human body on March
21st, the first day of spring at 9am. This study was done to capture a moment in which
the sun rises over the city’s apartment towers and spreads its rays onto the streets of

[Fig. 5.55] (Facing page) Axonometric view of the North Point Lowlands. A stepped gradient of irradiance values registers on the
area of study . ;
study model. The solar exposure value then corresponds to the intensity of heat

[Flg. 5 _56] (Below) Irradiance map of the
human body and elevation of
human head structure, a SOlar CXPOSurC Study on tl’lc hcad and anOthCr on thC torso. ﬂlCSC two

pcrccption. There were two studies that influence the components of the canopy

studies proclucc nodes and elongatcd nodes that are the gcomctrical translations of
the difterent intensities of heat perception at the head and body rcspcctivcly. [Fig.

5.56]

Nodes are part of the canopy structure and are in constant tension with

their surroundings. Each node holds a bamboo shootat the centre, which acts as
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acompressional member. Each bamboo member is encased by seven rings with

diamcters that COl‘l‘CSPOﬂd to solar CXPOSLII"C VQ.ILICS. NOdCS COITCSPOHd to solar

o cxposurc valucs at thC hcad, such that hlghCI‘ ValllCS increase thC occurrence oflargc

[Fig. 5.57] g“ingd page) Axonometric view of diameter rings of the node, and low values correspond to smaller diameter rings.
V€ nodes

[Flg_ 5.58] (Below)Elevation of node NODES

structure
Node rings are braided together with reflective cords with metallic beads

housed within them. The braid pactern is constructed by having 24 cords
pcrpcndicular to each ring that are then rotated 4 spaces in both directions. This braid
pattern creates the effect of a surface geometry that reflects light and glows according
to the surroundings. Within the center of the rings is the bamboo member with
cncrgy-harvcsting materials that power the lighting system of each node. [Fig. 5.57]
[Fig. 5.58]

Bamboo column
Photoluminescent cord

Tensioned cables
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[Fig. 5.59]

[Fig. 5.60]

(Facing page) Axonometric view of
six elongated nodes

(Below) Elevation of elongated
node structure

ELONGATED NODES

Elongatcd nodes are also part of the canopy structure and are in constant
tension with their surroundings. Each clongated node consists of 22 rings that
are braided togcthcr with solar optic cords with LEDs and suspcndcd in tension.
Elongatcd nodes corrcspond to solar exposure values at the body, such that highcr
values increase the occurrence of large diameter rings, and low values correspond to
smaller diameter rings. These elongated nodes are reflections of bodﬂy perceptions of

heatat 9am on the first day of spring, [Fig. 5.59] [Fig, 5.60]

Tensioned cables

Photoluminescent cord
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[Flg. 5 .62] Street rendering along Electric Rd. at dusk

[Flg. 5.6 1] Alleyway rendering during at dawn
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[Flg. 5 .63] Alleyway rendering of deployment stations and poncho tarp structure at dusk
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[Flg. 5 .64] Aerial view of canopy and subject at night
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Street rendering from afar along King’s Rd. on a rainy night

[Fig. 5.66]

[Flg. 5 .65] Street rendering from afar along Electric Rd. at dusk
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06 CONCLUSION

Today, architects and dcsigncrs can iterativeiy create iiving, hypcr context-
sensitive, buile-environments.” Withouta doubt, natural living systems prevail as
a guide. This thesis presents a new capability for addrcssing f:xtrcmely compicx
dcsign issues by adhcring to research rcgarding living systems and questioning
their constituents. To address this theoretical question and discourse, there are
muitiplc trajcctorics in dcsign that encompass it. To reiterate, one trajcctory refers
to the dcmiurgez; the alchemic architect that liberates the attributes of the material
world with spatial syntax in relation to the human body, its sensibilities, and nature.?
Another trajectory lies at the confluence of architecture and certain disciplines in the
sciences such as physics,45 chcmistry,é and biologyf Research indicates that forces
like clectromagnetism show influence over our surroundings and, in turn, shape our
associations with them.*”  Furthermore, there are materials with designcd chemical
compositions that yicld self-active propertics, low embodied energy, and attributes of

10

energy generation.” Biological influences reveal subtle and hidden phenomena that

can be interwoven to Cco-generate space. These trajectorics aidin advancing physical
living architectural systems. Another trajectory is rooted in the socio-poiitical
cyborg" [Fig. 6.1] and its manifestations in technology and the digital paradigm in
12,13

architectural space-making. Equally as potent in design is the power of science-
P g qually asp g F
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(Left) Human, Cyborg: Human-
computer/ artist/ writer/ shaman/
scientist by Lynn Randolph (1989)

[Fig. 6.1]

[Flg. 6'2] (Right) Wax and Water
diagrammatic model, Programmed
Matter (2016), by Author

fiction story—tciling about cyborgs and the intcrtwining of human inventions and
natural systems to create thought-provoking aesthetics about the built environment

OfthC i:U.tLl[C.M 15161

" These approachcs in dcsign address issues of sustainabiiity and
Compiex socio—political reiationships to co-generate physicai form and Cxprcssion.
Mostimportantly, the thesis speaks of a meta-narrative about a deeply inclusive design

process that i'csponds to hai‘dships inaworld of calamity.

LIVING ARCHITECTURE SYSTEMS GROUP

A key influence on rescarch for the thesis is the work of the Living Architecture
Systems Group (LASG)and, spcciﬁcaily, the Scaffolds stream led by Phiiip Bccslcy.
The Scaffolds stream rescarches and designs architectural test environments thac
appi'oach natural iiving systems. For instance, the pi‘evious projcct of Philip Bccsicy
Architects, the Sentient Chamber (2015), has allowed Colin Ellard, the Human
Experience stream leader at LASG, to observe a set of architectural relationships
thatinfluence cognitive, psychological, and physioiogical conditions of the human
body."* The work allows for the study of observable changes to one’s psyche,
body, and immediate surroundings, so that the project produces studies relevant

to the Human Experience stream at LASG.” This collaboration strcngthcns the
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[Flg. 6_4] (Right) New ways of observing
7 . the world, a typical computed
living environments® LASGs objcctivcs are to integrate light—wcight and flexible tomography scan of the human

relationship between the built environment and its living occupants to approach near- inherently shaped by surroundings allows for the pursuit of a resonating architeceural

composition. Itis evident that this type of architectural design transitions from

components and develop them into physical envelope prototypes. This charged
theoretical and cxpcrimcntal discourse allows this thesis to envision the possibilitics

and inllucnccs on tllC built environment oftomorrow

BRUSHSTROKE COMPOSITIONS

Moving forward, the thesis takes the possibilitics afforded with architectural test
environments by incorporating pliysical pl]cnomcna and physiological cxpcricncc.
In particular, the practice ofgcncrating formal compositions of arework from
experiencing pliysical phcnomcna lies with brushstroke compositions. The practice
reveals the experience of meta-physical phenomena to generate a fluid, graceful,
strong, and clynamic transferral ofmcaning: cncrgy.z"n 2 The act of—convcyancc in
calligraphy, seen in Henry Hos circular brush stcrokes, embodies an Cxpressivc quality
and structural importance of written black-and-white spatial compositions.** The
thesis clcsign utilizes meditative qualitics gaincd from the practice of calligraplly
to influence a structural composition that conveys vital energies. Undcrstanding

how clectromagnetic forces govern our world” and influence how bodies are
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- PO
(Left) [{& - “bai hui (many

. S “
connections) & R - “yong

., » L . Co.
quan~  (gushing spring). Running
script in black ink by author.
[ means hundred or a very many.
@ means to understand, to gather.
% means gush forth, rise or well up.
JR means spring or fountain.

[Fig. 6.3]

head qualitics of firmitas to where the architectural surface is embodied wich sccmingly

invisible and felt Cncrgics from new types of surfaces, structures, and materials.

INTERDISCIPLINARITY AND SUSTAINABILITY

In addition to the works previously mentioned, works byjcnny Sabin Studio,
LabStudio, and Paz Gutierrezs BIO.M.S allow for a cluster of sustainable design
concepts, pertinent in natural living systems, to be rﬁadily sought outand studied as
a guidc for a new architectural test-environment. Each Cxample consists of different
materials, modes of production, and design tools. Furthermore, these architectural
test-environments encounter complcx ccological networks that inform the
construction of their pliysical structures. There are complcx networks of information,
energy, living bcings, and matter incxtricably influenced by intcrdisciplinary dcsign
processcs. By proposing another form of emergent and bottom—up architecture,
with the inclusions ofccological living networks made visible by the intcrdisciplinary

rescarch mentioned above, this thesis encounters the seemingly unknown

phcnomcna learned with an approach to intcrclisciplinarity in architecture. Speciﬁc




concepts examed carlier in the precedent study section (page 54- 59) reveal
material concepts applicable to sustainable design such as self-organizaing materials,
adaptability and rcgcncration in building materials, recyclabiiity and hiodcgradabiiity

in building materials, are pursuits to be Cxpiored in the near future.

CYBORGS

This thesis is concerned with compiex socio-poiitical rciationships, which
is a central theme when speaking about cyborgs. This is applicable to the thesis
outcome, as a detailed undcrstanding of natural and urban environments can enhance
reiationships berween dweller, nature, and surroundings. Thus, rescarch rcgarding
cyborgsand their influence in the design of architecture enhances the human agency
of inhabitants. It does so hy i‘inding new connections between dweller, nature, and
surroundings, so that new structural, spatiai, programmatic, and material stratcgics can
be developed. The resultis an architecture that fosters a hyper-individualized dwelling

to allow for more mcaningful modes of iiving ina designcd environment.

SCIENCE FICTIONAL STORY-TELLING

Science fictional story—teliing isa powcri‘—ui tool used to inform this thesis.

e
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(Left) Powered exoskeleton race,
Cybathlon (2016), ETH Zutich/
Allessandro Della Bella

[Fig. 6.5]

[Flg. 6.6] (Right) Section of proposed

canopy structure

Timothy Morton articulates that the apocaiypsc is a notion that carries potentiai for
bringing change to the neglect of the Earth* The film precedents have provided
examples where dystopic scenarios are visually conveyed through film. These are also
apocalyptic scenarios that present an abstracted image of the world aimed towards a
path to confront our reality.”” Asaresult, the apocalypse refers to a consciousness of
the urban Ccology, ailowing the thesis and its df:sign proposal to inspirc its structural

form and expressions accordingly.

THE DESIGN
The dcsign proposal in the North Point Lowlands of Hong Kong presents a

co-generated public space with physiological perceptions of site energy. The main
guiding site influences for the df:sign are the various qualitics oi'—spring—timc, and
the flow of heat throughout the day. These bodily perceptions of space are used

to generate a relationship berween inhabitant and structure. Other site influences
include the perception of ciectromagnctic forces throughout the site hy transiating
these attractions and repulsions into patterns, radiuses, orientations, and directions
of shapes, lines, and masses. The act of perceiving these forces is embodied and
cxprcsscd ina scuipturai form. Furthermore, brcathing, a physioiogical function,

injctcts life into line and structure, so that life can be embodied in architecture.
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Materials are arranged in tension with thin, lightweight cords that supporta canopy,
which catches and releases the latent heat and electromagnetic forces of the site.

This formation of a new type of architectural membrane givcs way to a surface that
brings to light a perceivable combination of self and surroundings that approaches an

unrestrained form of being,

DESIGN TRAJECTORY

[tis evident that from transccnding the notion of firmitas, architecture is no
ionger seen as divisive but inclusive through embodied energics and blurred psycho—
social pcrccptuai boundaries. One can project the rescarch in this thesis into different
types of injections to surfaces and also methods of sustainable dcsign in the built
environment. Different types of feeiing and magniﬁcations of the self can become
surfaces that generate new spaces to be inhabited and made comfortable. Much of
the dcsign processes and idcoiogics prcscnted here are generative, meaning that thcy
are formed from the bottom up, and enable muitipic i:cciings and iiVing constituents
to form. The behaviours ofiiving matter will continue to act asa mode ofdcsigning.
The most crucial deliverable of the rescarch is that the intcrdiscipiinarity and
i(nowicdgc offered by other kinds of expertise enables a reformed definition of what
architecture is. Biological, textile, fashion, sport, meditative, clectrical, theoretical
physics, and Cnginccring ciiscipiinc:s are potent with views and ideas of how the world
functions. These collaborations allow for dcsign to become much more cnabiing,

rather than simply exist as a complete and unified idea for the inhabitation of space.
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07 APPENDIX

The following pages contain unconventional dcsign Cxplorations that
feature generative processes. This design methodology consists of simple
components that synthesizc into complcx ones for use in the construction
of the built environment. Like the bottom-up design processes for textiles
explored in Jenny Sabin Studios Lumen, the following factors are used to
construct complex material surfaces, some influenced by science fiction:
low embodied energies as a design guide, material behaviours that influence

form, biodegradable fabrics, clastic membranes, solar cells, weather barriers,

shapf: memory alloys and spines thatinfluence air flow. Aswith previous
material in the thesis, the explorations use nature as a guide in design, so

that designers and architects can control and tweak variable parameters that
influence its form, purpose, and, ultimatcly, its contextual application. This
offers great opportunitics for architects and dcsigncrs to exercise change and
influence over the built environment regarding such issues as sustainability and
suitability. Thus, these material Cxplorations are in pursuit of what architecture
can be by approaching a tuned synchronicity with their greater surrounding
environments at unforeseen scales and influences. Projects, rescarch, and

spcculations comprisc the following pages that approach these aspirations.
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[Flg. 7. 1] (Left) Wall exploration with
varying influences over light

[Flg. 7_2] (Centre top) Interlocking joints
for demonstration, (Centre left)
Paraffin wax form finding, (Centre
right) Digitizing, wax to isocurves

[Flg. 7'3] (Right top) Tensioned ribbons
accompanying tuned interlocking
joinery, (Right bottom) Thermal/

solar analysis

COMPLEX JOINERY AND FORM FINDING
This projcct isa complcx, biodegradablc wall, dcsigned and constructed
in conjunction with Scott Proudfoot. [Fig, 7.1] Itis a design exploration into
digital fabrication methods that follow dcsign principlcs inspircd by nacure.
The cxploration is influenced two-fold by nature: ﬁrstly, by implementing low
embodied energy principlcs inits building life cyclc; sccondly, by allowing
sclf—organizing and adaptability principlcs to influence its function and form.
To reduce material waste, wood joinery tcchniques were Cmploycd to remove
adhesives and fasteners. Additionally, a three-axis CNC cutter was used to
generate controllable intcrlocking joinery ofits structural framework througli
optimizcd digital modclling and direct tool patli export. The form of the wall
is informed by different mixtures and colours of paraﬂin wax. This material was
chosen because its fluid features can be controlled. The properties of wax actas
a guidc to inform bcnding and opacity, organizational form features of wax that
canbe transposcd onto surfaces. Solidified mixtures and colours of parafﬁn
wax are heated with a hot lamp, and its final form is digitizcd into isocurves for
use in Rhino. [Fig.. 7.2] The last step involves a tensioned ribbon strung tlirougli
slots in its framework so that the parafﬁn wax, by way ofits colour and mixtures,
influences the structures integrity, patterning and opacity. A lightand heat
study was complctcd to optimize and corelate the parafﬁn wax with structural
form. [Fig, 7.3] The final wall is a complex surface that has lictle waste in ics
construction and can be disassembled and put togcthcr casily. [ts and form

modcls thC bchaviours ofmorc playful I’liltllféll matcrials.
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A PROGRAMMED RIBBON

This project embodies a conceptual building material with embedded

[Fig. 7.4]

functions that generate extraordinary capabilitics. The project was inspired by

Junya ishigami’s Tables for a Restaurant, which featured a pre—stressed steel table

thatis elegantly thin. [Fig, 7.4] The table was exposed to applied and calculated Jul}ll)’z IShiga_}ni’S “Magic Table”
Exhibition, Tokyo, Japan. 2005
loads while covered with food and other dining hardware to ensure structural kyo. Jap
stability. Embedded structural forces were appiicd to the table crcating a

o . , 4 Left) Exploded fin detail .
deceivingly simple arrangement of aluminum, allowing for seemingly super (Left) Exploded ﬂ:g(:ﬁ?;;gj [Fig.7.5]
structural strength.

The foiiowing projcct is inspired by the simpiicity of the table which (Centre) Fin-Sic with back pack, [Fig, 7_6]

makes its function possibic, The material could scif—activciy exert tension, twist, chest piece, arm piece, sensing belt

bend, pull, collect solar energy, and move surrounding air around it. [Fig, 7.5] and leg straps

The material could also have muitipif: tunctions so that it is adaptabie in many

situations. This material is would be coupicd to the human bocly aiiowing for

thermal exchange between body and surrounding environment. [Fig, 7.6] The .
cxpandcd skin would also have fiageiiar—iikc spines protruding trom the fins to

Constantiy move and maintain air flow around the body. Tiny and forcign air

particulates around the perimeter would interact with the material encasing
......... CHEST PIECE - STATE: OPEN [Flg. 7_7] (Above) Left to right, Head shell with light and sensors.

. Shoulder detail, provides heat for muscular conditioning while
Systems include: body temperature

i ~ itionine inacti les BACK PACK -++++eeeesssnunees 3 k 1 . . : ; stationary. Hand detail, flex- suit adjusting to hand positioning.
accommodating atmosphere for the wearer by conditioning inactive muscles Comp ffl tCK Pfl E{'K LU _ | regulation, muscle scimulation during Y- , justing p g
omponents include:

battery cells that allow for stationary moments and fatigue man-

) agement by breathable enclosure. [Flg. 7.8] (Below) The Flex-Suit provides an enhanced, more
accomodating and productive atmosphere to the body. IT
coupled the body directly to a building. Temperature is capable
of being regulated to condition inactive muscles, body parts an
......................... ARM PIECE to increase blood flow. Information communication devices are
synced and navigated by touch and movement to enhance work
place activity and communication.

thC bOdy Aii tOgCtth, ti’lC garment WOU.id pI'OViCiC an cnhanccd and morce

and providing information and communication capabilities. [Fig, 7.7] Further

drawings specuiate on the potentiai ofa garment being awearble buiiding. days of use on sunny periods
along with a computer that

decodes nerve signals from
the spine.

; . : SN Adjusts to arm
‘ \ positioning, and
" 7 ‘ s > R \ drives away stale
; : : air through arm

movement.

FABRIC SHEATHING

ELASTIC MEMBRANE .,

SOLAR CELLS -~

SOLAR COLLECTOR LINES -.,
ATER BARRIER

NSING BELT
'D LEG
TRAPS

ystems include:
movement veloc-
ity and orientation
sensors, as well as

SLEEVE pedometer.
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(Top left) Weather barrier, [Flg. 7 _9]

protection from elements like sun,

7\_ ,CQ"‘B,"H‘EN,JF BACLPA
§ Colsesiel? | e ‘

. .. . CHesT Seew |
rain, radiation ) y

(Bottom left) Neck ports of the [Flg. 7.10]
cyborg

(Centre) Thermal readings and [Flg. 7.11]
reactions. Areas on the body that
lose heat for the regulation of
the body’s internal temperature
correspond to the amount of blood
flow to the body part. These areas
are, the head, groin, armpits and
extremities such as fingers and toes."
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[Flg. 7.13] (Below) Jacket detail with integrated Amplatz devices that
regulate air flow around body
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(Top left) Structural loading [Flg. 7. 14]

(Bottom left) Glove detail [Flg. 7.1 5]

R

(Centre) Annotated helmet parts, [Flg. 7. 16] " kervan
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[Flg. 7. 17] (Above) Personal device on arm and function

[Flg. 7. 18] (Below) Terrain boots elevation
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AN ALLEYWAY INTERVENTION (Left) Ground connections,  [Fig, 7.19]

balcony and weather barrier

This projcct isa proposal for rcactivating the allcyways between Cxisting, functions

residential podium towers of the North Point Lowlands by providing a public

space for retail and recreational use. The aﬂcyways are supplicd with light (Centre) Exploded core detail [Fig- 7.20]
and air through open cores and mechanical shafts that subsequently bring

pcdcstrians up and into creative industry ofhices. Existing roof—tops of the

ncighboring point towers are reinvigorated with roof-level Park spaces, which, T R
= Hlevated office tower, reinvigorated

existing roof level greening

in turn, create another level of public access to the city. Ofhice spaces are
organized in ways that promote collaboration through permeable spaces that
interconnect different organizations, areas, and usages of creative industries
within the builcling. Light penetrates the new tower to provide allow interior
floor plates, existing roof-tops, and the alleyways below with ample access to

light and air. The fin-like appcndagf:s cxplorcd in prcvious projccts are used asa

weather barrier.

Utban stoll it o s Communal oficeedges

g e [Flg 7.2 1] (Above) Creative industry office massing parti development
Office building overhang “" heat riembrane
Open to ahove —
. Proposed Sensitive fibre membrane [Flg. 7 _22] (Below) Core and office connection
‘ alleyway
1 .~ construction
N L
b= e
=
g
§
5 . Wind flow | Fibre membrane
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(Top left) Speculative roof-top [Flg. 7_32]
building drawing vapour and
purifying urban pollution.

(Bottom left) Cross-section of [Flg. 7_33]
rooftop apartment with facade
membrane

(Centre) Speculative roof-top [Flg. 7.34]
apartment rendering with facade
membrane

CLOSING WORDS

These speculative designs attempr at revealing a correlating human-
architecture reiationship‘ This is ateributed to the dcsign of a material with
programmcd functions and capabilitics. They begin from the capabilities of [Fig.7.35] (Above) Interior rendering of roof-top apartment dwelling
it having embedded elegance, a material with multiple functions and hidden

structural signiﬁcancc:, like all natural materials. This transfixiation led to the
[Flg. 7_36] (Below) Cross-section rendering of circulation between roof-

scaled, multipiied appiication to the human body thatis then brought into the .
top apartment dwellings

realm of the built environment. These cxpiorations provcd to be avaluable
creative process, used to propcii the actof crcating architecture into the
realm of imagination with possibility to yicld many solutions to our current

prcdicamcnt.
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